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COMPOUNDS, COMPOSITIONS, AND
METHODS FOR THE TREATMENT OF
CANCERS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a 35 U.S.C. § 371 U.S. National Stage
Entry of International Application No. PCT/US2014/071109
filed Dec. 18, 2014, which claims the benefit of priority of
U.S. Application No. 61/922,274 filed Dec. 31, 2013, the
contents of which are each incorporated herein by reference
in their entirety.

FIELD OF THE INVENTION

The 1nvention relates to platinum based compounds.

BACKGROUND

Platinum-based drugs are among the most active and
widely used anticancer agents and cisplatin represents one of
the three FDA-approved, platinum-based cancer chemo-
therapeutics. Although cisplatin 1s eflective against a num-
ber of solid tumors, especially testicular and ovarian cancer,
its clinical use has been limited because of 1its toxic eflects
as well as the intrinsic and acquired resistance of some
tumors to this drug.

To overcome these limitations, platinum analogs with
lower toxicity and greater activity in cisplatin-resistant
tumors have been developed and tested, resulting in the
approval of carboplatin and oxaliplatin in the United States.
For example, carboplatin has the advantage of being less
nephrotoxic, but its cross-resistance with cisplatin has lim-
ited 1ts application in otherwise cisplatin-treatable diseases.

Oxaliplatin, however, exhibits a different anticancer spec-
trum from that of cisplatin. It has been approved as the first
or second line therapy in combination with S-fluorouracil/
leucovorin for advanced colorectal cancer, for which cispla-
tin and carboplatin are essentially mactive. These platinum
drugs have platinum in the 2+ oxidative state (Pt(I1)) and are
not orally active.

Platinum complexes in the 4+ oxidative state (Pt(IV)
complexes) provide several advantages. The two additional
coordination sites (the axial sites) can be modified to change
the pharmacokinetic properties of the complexes. For
example, the two axial sites, as well as the four equatorial
sites, can 1nclude ligands that have one or more Michael
acceptors. The inclusion of one or more Michael acceptor as
disclosed in the present teachings may increase the Pt
concentration 1n tumor cells and, 1n certain instances, may
increase the eflicacy in treating a disease or a condition
discussed herein. In certain 1nstances, Pt(IV) complexes of
the present teachings can be orally active and/or have a
reduced long-term toxicity.

SUMMARY

The present teachings relate to compositions, for example,
tor reducing, disrupting, or inhibiting the growth of a cancer
cell or inducing the death of a cancer cell.

The composition can 1mclude a platinum (IV) compound.
In various embodiments, the platinum (IV) compounds each
includes a Michael acceptor. For example, a Michael accep-
tor can be introduced by a ligand. In various embodiments,
one of or both the axial ligands each comprises one or more
Michael acceptors.
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In some embodiments, the present teachings provide a
compound of Formula I:

O
Y/H”\X/HW\N
O/Ko O
R3\‘fR1
/Pt_\
Ry” | TR
OR>

or a pharmaceutically acceptable salt thereof,

wherein:

Y 1s independently selected from NH and CH,;

X 1s independently selected from acylhydrazone, ester,
amide or CH,

n and m are independently selected from 0, 1, 2, 3, 4, 3,

and 6;

R! and R* each is Cl, or

R' and R are joined to form an oxalate;

R> and R* each is NH,, or

R? and R* are joined together to form cyclohexane-1,2-
diamine and

R> is alkyl or

.
y
O O

The present teachings also provide compositions includ-
ing a compound as described herein and methods of using a
compound or a composition as described herein. In various
embodiments, the methods of the present teachings are
usetul for the prevention or treatment of diseases that benefit
from increased cell death or decreased cell proliferation. For
example, the method of the present teachings can be used to
increase cancer cell death or decrease cancer cell prolitfera-
tion. The increased cancer cell death or decreased cancer
proliferation can occur, for example, outside the body (in
vitro) or inside the body (in vivo).

Certain embodiments of the present teachings also pro-
vide for use of a compound as described herein as a
medicament for treating or preventing a disease and/or in the
manufacture of such a medicament, e.g., for use in the
treatment of a disease. Some embodiments provide the use
of a compound as described herein for use as a medicament.
In certain embodiments, the teachings provide a compound
or composition as described herein for the treatment of
disease, e.g. for the treatment of a cancer.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows exemplary growth curves of H460 tumor 1n
nude mice xenograit when the mice were dosed with control
vehicle or an exemplary compound of the present teachings.

FIG. 2 shows exemplary platinum levels in tumor when
platinum (IV) was dosed 1n the form of two exemplary
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compounds of the present teachings and a comparison
compound to tumor-bearing nude mice via intravenous
administration.

DETAILED DESCRIPTION

For convenience, before further description of the present
teachings, certain terms employed in the specification,
examples, and appended claims are collected here. These
definitions should be read in light of the remainder of the
disclosure and as understood by a person of ordinary skill 1n
the art. Unless defined otherwise, all technical and scientific
terms used herein have the same meanming as commonly
understood by a person of ordinary skill 1in the art.

The articles “a” and “an,” as used herein, should be
understood to mean “at least one,” unless clearly indicated
to the contrary.

The phrase “and/or,” as used herein, should be understood
to mean “either or both™ of the elements so conjoined, 1.¢.,
clements that are conjunctively present 1n some cases and
disjunctively present in other cases. Other eclements may
optionally be present other than the elements specifically
identified by the “and/or” clause, whether related or unre-
lated to those elements specifically identified unless clearly
indicated to the contrary. Thus, as a non-limiting example, a
reference to “A and/or B,” when used 1n conjunction with
open-ended language such as “comprising” can refer, 1n one
embodiment, to A without B (optionally including elements
other than B); in another embodiment, to B without A
(optionally including elements other than A); 1n yet another
embodiment, to both A and B (optionally including other
clements).

As used herein, “or” should be understood to have the
same meaning as “and/or” as defined above. For example,
when separating items 1n a list, “or” or “and/or” shall be
interpreted as being inclusive, 1.e., the inclusion of at least
one, but also including more than one, of a number or list of
clements, and, optionally, additional unlisted 1tems. Only
terms clearly indicated to the contrary, such as “only one of”
or “exactly one of,” or, when used 1n the claims, “consisting
ol,” will refer to the inclusion of exactly one element of a
number or list of elements.

In general, the term “or” as used herein shall only be
interpreted as indicating exclusive alternatives (1.e. “one or
the other but not both”) when preceded by terms of exclu-
s1vity, such as “either,” “one of,” “only one of,” or “exactly
one of.” “Consisting essentially of,” when used in the
claims, shall have 1ts ordinary meaning as used 1n the field
ol patent law.

As used herein, the phrase “at least one” in reference to
a list of one or more elements should be understood to mean
at least one element selected from any one or more of the
clements in the list of elements, but not necessarily including
at least one of each and every element specifically listed
within the list of elements and not excluding any combina-
tions of elements 1n the list of elements. This definition also
allows that elements may optionally be present other than
the elements specifically identified within the list of ele-
ments to which the phrase “at least one” refers, whether
related or unrelated to those elements specifically identified.

Thus, as a non-limiting example, “at least one of A and B”
(or, equivalently, “at least one of A or B,” or, equivalently “at
least one of A and/or B”) can refer, in one embodiment, to
at least one, optionally including more than one, A, with no
B present (and optionally including elements other than B);
in another embodiment, to at least one, optionally including
more than one, B, with no A present (and optionally 1nclud-
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ing elements other than A); in yet another embodiment, to at
least one, optionally including more than one, A, and at least
one, optionally including more than one, B (and optionally
including other elements); etc.

As used herein, all transitional phrases such as “compris-
ing,” “including,” “carrying,” “having,” “contaiming,”
“mmvolving,” “holding,” and the like are to be understood to
be open-ended, 1.e., to mean including but not limited to.

Only the transitional phrases “consisting of” and “con-
sisting essentially of” shall be closed or semi-closed transi-
tional phrases, respectively, as set forth 1n the Umited States
Patent Oflice Manual of Patent Examining Procedures.

As used herein, a “subject” or a “patient” refers to any
mammal (e.g., a human), such as a mammal that may be
susceptible to a disease or disorder, for example, tumori-
genesis or cancer. Examples include a human, a non-human
primate, a cow, a horse, a pig, a sheep, a goat, a dog, a cat,
or a rodent such as a mouse, a rat, a hamster, or a guinea pig.
In various embodiments, a subject refers to one that has been
or will be the object of treatment, observation, or experi-
ment. For example, a subject can be a subject diagnosed with
cancer or otherwise known to have cancer or one selected for
treatment, observation, or experiment on the basis of a
known cancer in the subject.

As used herein, “treatment” or “treating” refers to an
amelioration of a disease or disorder, or at least one dis-
cernible symptom thereof. In another embodiment, “treat-
ment” or “treating” refers to an amelioration of at least one
measurable physical parameter, not necessarily discernible
by the patient. In yet another embodiment, “treatment” or
“treating” refers to reducing the progression of a disease or
disorder, either physically, e.g., stabilization of a discernible
symptom, physiologically, e.g., stabilization of a physical
parameter, or both. In yet another embodiment, “treatment”™
or “treating” refers to delaying the onset of a disease or
disorder.

As used herein, “prevention” or “preventing” refers to a
reduction of the risk of acquiring a given disease or disorder.

The phrase “therapeutically eflective amount” as used
herein means that amount of a compound, material, or
composition comprising a compound of the present teach-
ings which 1s eflective for producing some desired thera-
peutic eflect. Accordingly, a therapeutically eflective
amount treats or prevents a disease or a disorder. In various
embodiments, the disease or disorder 1s a cancer.

A dash (**-7) that 1s not between two letters or symbols 1s
used to mdicate a point of attachment for a substituent. For
example, —CONH,, 1s attached through the carbon atom
(C).

By “optional” or “optionally,” 1t 1s meant that the subse-
quently described event or circumstance may or may not
occur, and that the description includes 1nstances where the
event or circumstance occurs and instances 1n which 1t does
not. For example, “optionally substituted aryl” encompasses
both “ary]” and “‘substituted aryl” as defined herein. It waill
be understood by those ordinarily skilled in the art, with
respect to any group containing one or more substituents,
that such groups are not intended to introduce any substi-
tution or substitution patterns that are sterically impractical,
synthetically non-feasible, and/or inherently unstable.

The term ““alkyl” as used herein refers to a saturated
straight or branched hydrocarbon, such as a straight or
branched group of 1-22, 1-8, 1-6, or 1-4 carbon atoms,
referred to herein as (C,-C,,)alkyl, (C,-Cylalkyl, (C,-Cy)
alkyl, and (C,-C,)alkyl, respectively. Exemplary alkyl
groups include, but are not limited to, methyl, ethyl, propyl,
1sopropyl, 2-methyl-1-propyl, 2-methyl-2-propyl, 2-methyl-
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1-butyl, 3-methyl-1-butyl, 2-methyl-3-butyl, 2,2-dimethyl-
1-propyl, 2-methyl-1-pentyl, 3-methyl-1-pentyl, 4-methyl-
1-pentyl, 2-methyl-2-pentyl, 3-methyl-2-pentyl, 4-methyl-
2-pentyl,  2,2-dimethyl-1-butyl,  3,3-dimethyl-1-butyl,
2-ethyl-1-butyl, butyl, 1sobutyl, t-butyl, pentyl, 1sopentyl,
neopentyl, hexyl, heptyl, and octyl.

The term “alkenyl” as used herein refers to an unsaturated
straight or branched hydrocarbon having at least one carbon-
carbon double bond (shown, for example, as “=""), such as
a straight or branched group of 2-22, 2-8, 2-6, or 2-4 carbon
atoms, referred to herein as (C,-C,,)alkenyl, (C,-C,)alk-
enyl, (C,-Cylalkenyl, and (C,-C,)alkenyl, respectively.
Exemplary alkenyl groups include, but are not limited to,
vinyl, allyl, butenyl, pentenyl, hexenyl, butadienyl, penta-
dienyl, hexadienyl, 2-ethylhexenyl, 2-propyl-2-butenyl, and
4-(2-methyl-3-butene)-pentenyl.

The term ““alkynyl” as used herein refers to an unsaturated
straight or branched hydrocarbon having at least one carbon-

carbon triple bond (shown, for example, as “="), such as a

straight or branched group of 2-22, 2-8, 2-6, 2-4 carbon
atoms, referred to herein as (C,-C,,)alkynyl, (C,-C,)alky-
nyl, (C,-Cylalkynyl, and (C,-C,)alkynyl, respectively.
Exemplary alkynyl groups include, but are not limited to,
cthynyl, propynyl, butynyl, pentynyl, hexynyl, methylpro-
pynyl, 4-methyl-1-butynyl, 4-propyl-2-pentynyl, and 4-bu-
tyl-2-hexynyl.

The term ““cycloalkyl” as used herein refers to a saturated
or unsaturated monocyclic, bicyclic, other multicyclic, or
bridged cyclic hydrocarbon group. A cyclocalkyl group can
have 3-22, 3-12, or 3-8 ring carbons, referred to herein as
(C5-C,,)cycloalkyl, (C;-C,,)cycloalkyl, or (C;5-Cg)ey-
cloalkyl, respectively. A cycloalkyl group can also have one
or more carbon-carbon double bond or carbon-carbon triple
bond.

Exemplary monocyclic cycloalkyl groups include, but are
not limited to, cyclopentanes (cyclopentyls), cyclopentenes
(cyclopentenyls), cyclohexanes (cyclohexyls), cyclohexenes
(cyclopexenyls), cycloheptanes (cycloheptyls), cyclo-
heptenes (cycloheptenyls), cyclooctanes (cyclooctyls),
cyclooctenes (cyclooctenyls), cyclononanes (cyclononyls),
cyclononenes (cyclononenyls), cyclodecanes (cyclodecyls),
cyclodecenes (cyclodecenyls), cycloundecanes (cyclounde-
cyls), cycloundecenes (cycloundecenyls), cyclododecanes
(cyclododecyls), and cyclododecenes (cyclododecenyls).
Other exemplary cycloalkyl groups, including bicyclic, mul-
ticyclic, and bridged cyclic groups, include, but are not
limited to, bicyclobutanes (bicyclobutyls), bicyclopentanes
(bicyclopentyls), bicyclohexanes (bicyclohexyls), bicycle-
heptanes (bicycloheptyls, including bicyclo[2,2,1 Jheptanes
(bicycle[2.2,1]heptyls) and bicycle[3,2,0]heptanes (bicycle
[3,2,0]heptyls)), bicyclooctanes (bicyclooctyls, including
octahydropentalene (octahydropentalenyl), bicycle[3,2,1]
octane (bicycle[3.2,1]octyl), and bicylo[2,2,2]octane (bi-
cycle[2,2,2]octyl)), and adamantanes (adamantyls).
Cycloalkyl groups can be fused to other cycloalkyl saturated
or unsaturated, aryl, or heterocyclyl groups.

The term “aryl” as used herein refers to a mono-, bi-, or

other multi-carbocyclic aromatic ring system. The aryl can
have 6-22, 6-18, 6-14, or 6-10 carbons, referred to herein as
(Co-Cooaryl, (Co-Cglaryl, (Ce-C,yaryl, or (Co-C,paryl,
respectively. The aryl group can optionally be fused to one
or more rings selected from aryls, cycloalkyls, and hetero-
cyclyls. The term “bicyclic aryl” as used herein refers to an
aryl group fused to another aromatic or non-aromatic car-
bocylic or heterocyclic ring. Exemplary aryl groups include,
but are not limited to, phenyl, tolyl, anthracenyl, fluorenyl,
indenyl, azulenyl, and naphthyl, as well as benzo-fused
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carbocyclic moieties such as 5,6,7.8-tetrahydronaphthyl.
Exemplary aryl groups also include, but are not limited to a
monocyclic aromatic ring system, wherein the ring com-
prises 6 carbon atoms, referred to herein as “(Cyaryl” or
phenyl. The phenyl group can also be fused to a cyclohexane
or cyclopentane ring to form another aryl.

The term “arylalkyl” as used herein refers to an alkyl
group having at least one aryl substituent (e.g., -aryl-alkyl-).
Exemplary arylalkyl groups include, but are not limited to,
arylalkyls having a monocyclic aromatic ring system,
wherein the ring comprises 6 carbon atoms, referred to
herein as “(Cy)arvlalkyl.” The term “benzyl” as used herein
refers to the group —CH,-phenyl.

The term “heteroalkyl” refers to an alkyl group as
described herein in which one or more carbon atoms 1s
replaced by a heteroatom. Suitable heteroatoms include
oxygen, sulfur, nitrogen, phosphorus, and the like. Examples
of heteroalkyl groups include, but are not limited to, alkoxy,
amino, thioester, and the like.

The terms “heteroalkeny]l” and “heteroalkynyl” refer to
unsaturated aliphatic groups analogous 1n length and pos-
sible substitution to the heteroalkyls described above, but
that contain at least one double or triple bond, respectively.

The term “heterocycle” refers to cyclic groups containing,
at least one heteroatom as a ring atom, 1n some cases, 1 to
3 heteroatoms as ring atoms, with the remainder of the ring
atoms being carbon atoms. Suitable heteroatoms include
oxygen, sulfur, mitrogen, phosphorus, and the like. In some
cases, the heterocycle may be 3- to 10-membered ring
structures or 3- to 7-membered rings, whose ring structures
include one to four heteroatoms. The term “‘heterocycle”
may include heteroaryl groups, saturated heterocycles (e.g.,
cycloheteroalkyl) groups, or combinations thereof. The het-
erocycle may be a saturated molecule, or may comprise one
or more double bonds. In some case, the heterocycle 1s a
nitrogen heterocycle, wherein at least one ring comprises at
least one nitrogen ring atom. The heterocycles may be fused
to other rings to form a polycyclic heterocycle. Thus,
heterocycles also include bicyclic, tricyclic, and tetracyclic
groups 1n which any of the above heterocyclic rings 1s fused
to one or two rings independently selected from arvls,
cycloalkyls, and heterocycles. The heterocycle may also be
fused to a spirocyclic group.

Heterocycles include, for example, thiophene, benzothio-
phene, thianthrene, furan, tetrahydrofuran, pyran, 1sobenzo-
furan, chromene, xanthene, phenoxathiin, pyrrole, dihydro-
pyrrole, pyrrolidine, 1midazole, pyrazole, pyrazine,
isothiazole, i1soxazole, pyndine, pyrazine, pyrimidine,
pyridazine, indolizine, isoindole, mndole, indazole, purine,
quinolizine, 1soquinoline, quinoline, phthalazine, naphthy-
ridine, quinoxaline, quinazoline, cinnoline, pteridine, carba-
zole, carboline, triazole, tetrazole, oxazole, 1soxazole, thi-
azole, 1sothiazole, phenanthridine, acridine, pyrimidine,
phenanthroline, phenazine, phenarsazine, phenothiazine,
furazan, phenoxazine, pyrrolidine, oxolane, thiolane,
oxazole, oxazine, piperidine, homopiperidine (hexamethyl-
eneimine), piperazine (e.g., N-methyl piperazine), morpho-
line, lactones, lactams such as azetidinones and pyrrolidi-
nones, sultams, sultones, other saturated and/or unsaturated
derivatives thereof, and the like.

In some cases, the heterocycle may be bonded to a
compound via a heteroatom ring atom (e.g., nitrogen). In
some cases, the heterocycle may be bonded to a compound
via a carbon ring atom. In some cases, the heterocycle 1s
pyridine, imidazole, pyrazine, pyrimidine, pyridazine, acri-
dine, acridin-9-amine, bipyridine, naphthyridine, quinoline,
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1soquinoline, benzoquinoline, benzoisoquinoline, phenan-
thridine-1,9-diamine, or the like.

The term “heteroaromatic” or “heteroaryl™ as used herein
refers to a mono-, bi-, or multi-cyclic aromatic ring system
containing one or more heteroatoms, for example 1-3 het-
croatoms, such as nitrogen, oxygen, and sulfur. Heteroaryls
can also be fused to non-aromatic rings. In various embodi-
ments, the term “heteroaromatic” or “heteroaryl,” as used
herein except where noted, represents a stable 3- to 7-mem-
bered monocyclic, stable 9- to 10-membered fused bicyclic,
or stable 12- to 14-membered fused tricyclic heterocyclic
ring system which contains an aromatic ring that contains at
least one heteroatom selected from the group consisting of
N, O, and S. In some embodiments, at least one nitrogen 1s
in the aromatic ring.

Heteroaromatics or heteroaryls can include, but are not
limited to, a monocyclic aromatic ring, wherein the ring
comprises 2-5 carbon atoms and 1-3 heteroatoms, referred to
herein as “(C,-Cs)heteroaryl.” Illustrative examples of
monocyclic heteroaromatic (or heteroaryl) include, but are
not limited to, pyridine (pyridinyl), pyridazine (pyridazinyl),
pyrimidine (pyrimidyl), pyrazine (pyrazyl), triazine (triazi-
nyl), pyrrole (pyrrolyl), pyrazole (pyrazolyl), imidazole
(imidazolyl), (1,2,3)- and (1,2,4)-triazole ((1,2,3)- and (1,2,
4)-triazolyl), pyrazine (pyrazinyl), pyrimidine (pyrimidi-
nyl), tetrazole (tetrazolyl), furan (furyl), thiophene (thienyl),
1soxazole (1soxazolyl), thiazole (thiazolyl), 1soxazole (1s0x-
azolyl), and oxazole (oxazolyl).

The term “bicyclic heteroaromatic” or “bicyclic het-
croaryl” as used herein refers to a heteroaryl group fused to
another aromatic or non-aromatic carbocylic or heterocyclic
ring. Exemplary bicyclic heteroaromatics or heteroaryls
include, but are not limited to 5,6- or 6,6-fused systems,
wherein one or both rings contain heteroatoms. The term
“bicyclic heteroaromatic” or “bicyclic heteroaryl” also
encompasses reduced or partly reduced forms of fused
aromatic system wherein one or both rings contain ring
heteroatoms. The ring system may contain up to three
heteroatoms, independently selected from oxygen, nitrogen,
and sulfur.

Exemplary bicyclic heteroaromatics (or heteroaryls)
include, but are not limited to, quinazoline (quinazolinyl),
benzoxazole (benzoxazolyl), benzothiophene (benzothio-
phenyl), benzoxazole (benzoxazolyl), benzisoxazole (ben-
zisoxazolyl), benzimidazole (benzimidazolyl), benzothiaz-
ole (benzothiazolyl),  benzofurane  (benzofuranyl),
benzisothiazole (benzisothiazolyl), indole (indolyl), inda-
zole (indazolyl), indolizine (indolizinyl), quinoline (quino-
linyl), 1soquinoline (1soquinolinyl), naphthyridine (naphthy-
ridyl), phthalazine (phthalazinyl), phthalazine
(phthalazinyl), pteridine (pteridinyl), purine (purinyl), ben-
zotriazole (benzotriazolyl), and benzolurane (benzofuranyl).
In some embodiments, the bicyclic heteroaromatic (or bicy-
clic heteroaryl) 1s selected from quinazoline (quinazolinyl),
benzimidazole (benzimidazolyl), benzothiazole (benzothi-
azolyl), indole (indolyl), quinoline (quinolinyl), i1soquino-
line (i1soquinolinyl), and phthalazine (phthalazinyl). In cer-
tain embodiments, the bicyclic heteroaromatic (or bicyclic
heteroaryl) 1s quinoline (quinolinyl) or 1soquinoline (i1soqui-
nolinyl).

The term “tricyclic heteroaromatic” or “tricyclic het-
croaryl” as used herein refers to a bicyclic heteroaryl group
fused to another aromatic or non-aromatic carbocylic or
heterocyclic ring. The term “tricyclic heteroaromatic™ or
“tricyclic heteroaryl” also encompasses reduced or partly
reduced forms of fused aromatic system wherein one or both
rings contain ring heteroatoms. Each of the ring in the
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tricyclic heteroaromatic (tricyclic heteroaryl) may contain
up to three heteroatoms, independently selected from oxy-
gen, nitrogen, and sulfur.

Exemplary ftricyclic heteroaromatics (or heteroaryls)
include, but are not limited to, acridine (acridinyl),
9H-pyrido[3,4-blindole (9H-pyrido[3,4-b]indolyl), phenan-
thridine  (phenanthridinyl), pynido[1,2-a]Jbenzimidazole
(pyrido[1,2-a]lbenzimidazolyl), and pyrido[1,2-bJindazole
(pyrido[1,2-b]Jindazolyl).

The term ““alkoxy” as used herein refers to an alkyl group
attached to an oxygen (—O-alkyl-). “Alkoxy” groups also
include an alkenyl group attached to an oxygen (“alkeny-
loxy™) or an alkynyl group attached to an oxygen (“alkyny-
loxy™) groups. Exemplary alkoxy groups include, but are not
limited to, groups with an alkyl, alkenyl or alkynyl group of
1-22, 1-8, or 1-6 carbon atoms, referred to herein as (C,-
C,,)alkoxy, (C,-Cglalkoxy, or (C,-Cy)alkoxy, respectively.
Exemplary alkoxy groups include, but are not limited to
methoxy and ethoxy.

The term “cycloalkoxy” as used herein refers to a
cycloalkyl group attached to an oxygen.

The term “aryloxy” or “aroxy’ as used herein refers to an
aryl group attached to an oxygen atom. Exemplary aryloxy
groups include, but are not limited to, aryloxys having a
monocyclic aromatic ring system, wherein the ring com-
prises 6 carbon atoms, referred to herein as “(Cy)aryloxy.”
The term “arylalkoxy” as used herein refers to an arylalkyl
group attached to an oxygen atom. An exemplary aryalkyl
group 1s benzyloxy group.

The term “amine™ or “amino’ as used herein refers to both
unsubstituted and substituted amines, e.g., NR_R, R, ., where
R _, R,, and R,. are independently selected from alkyl,
alkenyl, alkynyl, aryl, arylalkyl, carbamate, cycloalkyl,
haloalkyl, heteroaryl, heterocyclyl, and hydrogen, and at
least one of the R , R,, and R, , 1s not hydrogen. The amine
or amino can be attached to the parent molecular group
through the nitrogen. The amine or amino also may be
cyclic, for example any two of R _, R, and R, . may be joined
together and/or with the N to form a 3- to 12-membered ring
(e.g., morpholino or piperidinyl). The term amino also
includes the corresponding quaternary ammomium salt of
any amino group. Exemplary amines include alkylamine,
wherein at least one of R, R,, or R, . 1s an alkyl group, or
cycloalkylamine, wherein at least one of R_ R,, or R,.1s a
cycloalkyl group.

The term “ammonia” as used herein refers to NH;.

—

T'he term “aldehyde” or “formyl” as used herein refers to
—CHO.

The term “acyl” term as used herein refers to a carbonyl
radical attached to an alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycyl, aryl, or heteroaryl. Exemplary acyl groups
include, but are not limited to, acetyl, formyl, propionyl,
benzoyl, and the like.

The term “amide” as used herein refers to the form

—NR_C(O)R ,)— or —C(O)NR _R_, wherein R_, R ,, and
R_ are each independently selected from alkyl, alkenyl,
alkynyl, aryl, arylalkyl, cycloalkyl, haloalkyl, heteroaryl,
heterocyclyl, and hydrogen. The amide can be attached to
another group through the carbon, the nitrogen, R_, R ,, or
R_. The amide also may be cyclic, for example R . and R _,
may be joined to form a 3- to 12-membered ring, such as a
3- to 10-membered ring or a 5- or 6-membered ring. The
term “amide” encompasses groups such as sulfonamide,
urea, ureido, carbamate, carbamic acid, and cyclic versions
thereof. The term “amide” also encompasses an amide group
attached to a carboxy group, e.g., -amide-COOH or salts

such as -amide-COONa.
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The term ““arylthio” as used herein refers to an aryl group
attached to an sulfur atom. Exemplary arylthio groups
include, but are not limited to, arylthios having a monocyclic
aromatic ring system, wherein the ring comprises 6 carbon
atoms, referred to herein as “(Cy)arylthio.”

The term “arylsulfony]l” as used herein refers to an aryl
group attached to a sulfonyl group, e.g., —S(O),-aryl-.
Exemplary arylsulfonyl groups include, but are not limited
to, arylsulfonyls having a monocyclic aromatic ring system,
wherein the ring comprises 6 carbon atoms, referred to
herein as “(Cy)arylsulionyl.”

The term “carbamate™ as used herein refers to the form
—ROC(ON(R,)—, —ROC(ONR_)R,—, or —OC(O)
NR R,, wherein R, R_, and R, are each independently
selected from alkyl, alkenyl, alkynyl, aryl, arylalkyl,
cycloalkyl, haloalkyl, heteroaryl, heterocyclyl, and hydro-
gen. Exemplary carbamates include, but are not limited to,
arylcarbamates or heteroaryl carbamates (e.g., wherein at
least one of R4 R, and R, are independently selected from
aryl or heteroaryl, such as pyridinyl, pyridazinyl, pyrimidi-
nyl, and pyrazinyl).

The term “carbonyl” as used herein refers to —C(O)—.

The term “carboxy” or “carboxylate’ as used herein refers
to R,—COOH or its corresponding carboxylate salts (e.g.,
R —COONa), where R; can independently be selected from
alkoxy, aryloxy, alkyl, alkenyl, alkynyl, amide, amino, aryl,
arylalkyl, cycloalkyl, ether, haloalkyl, heteroaryl, and het-
erocyclyl. Exemplary carboxys include, but are not limited
to, alkyl carboxy wherein R, 1s alkyl, such as —O—C(O)-
alkyl. Exemplary carboxy also include aryl or heteroaryl
carboxy, e.g. wherein R; 1s an aryl, such as phenyl and tolyl,
or heteroaryl group such as pyridine, pyridazine, pyrmidine
and pyrazine. The term carboxy also includes “carboxycar-
bonyl,” e.g. a carboxy group attached to a carbonyl group,
e.g., —C(O)—COOH or salts, such as —C(O)—COONa.

The term “dicarboxylic acid” as used herein refers to a
group contaiming at least two carboxylic acid groups such as
saturated and unsaturated hydrocarbon dicarboxylic acids
and salts thereof. Exemplary dicarboxylic acids include
alkyl dicarboxylic acids. Dicarboxylic acids include, but are
not limited to succinic acid, glutaric acid, adipic acid,
suberic acid, sebacic acid, azelaic acid, maleic acid, phthalic
acid, aspartic acid, glutamic acid, malonic acid, fumaric
acid, (+)/(-)-malic acid, (+)/(-) tartaric acid, 1sophthalic
acid, and terephthalic acid. Dicarboxylic acids further
include carboxylic acid derivatives thereof, such as anhy-
drides, imides, hydrazides (for example, succinic anhydride
and succinimide).

The term “cyano” as used herein refers to —CN.

The term “ester” refers to the structure —C(O)O—,
—C(O)0—R,—, —RCO)O—R— or —R,CO)O—,
where O 1s not bound to hydrogen, and R, and R, can
independently be selected from alkoxy, aryloxy, alkyl, alk-
enyl, alkynyl, amide, amino, aryl, arylalkyl, cycloalkyl,
cther, haloalkyl, heteroaryl, and heterocyclyl. R, can be a
hydrogen, but R, cannot be hydrogen. The ester may be
cyclic, for example the carbon atom and R, the oxygen atom
and R;, or R, and R; may be joined to form a 3- to
12-membered ring. Exemplary esters include, but are not
limited to, alkyl esters wherein at least one of R, or R; is
alkyl, such as —O—C(O)-alkyl, —C(O)—0O-alkyl-, and
-alkyl-C(O)—0O-alkyl-. Exemplary esters also include aryl
or heteroaryl esters, e.g. wherein at least one of R, or R, 1s
an aryl group, such as phenyl or tolyl, or a heteroaryl group,
such as pyridine, pyridazine, pyrimidine or pyrazine, such as
a nicotinate ester. Exemplary esters also include reverse
esters having the structure —R C(O)O—, where the oxygen
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1s bound to the parent molecule. Exemplary reverse esters
include succinate, D-argininate, L-argiminate, L-lysinate and
D-lysinate. Esters also include carboxylic acid anhydrides
and acid halides.

The term “ether” refers to the structure —R,O—R,—,
where R; and R, can independently be alkyl, alkenyl, alky-
nyl, aryl, cycloalkyl, heterocyclyl, and ether. The ether can
be attached to the parent molecular group through R, or R,.
Exemplary ethers include, but are not limited to, alkoxyalkyl
and alkoxyaryl groups. Ethers also includes polyethers, e.g.,
where one or both of R, and R, are ethers.

The terms “halo” or “halogen” or “hal” or “halide” as
used herein refer to F, Cl, Br, or L

The term “haloalkyl” as used herein refers to an alkyl
group substituted with one or more halogen atoms.
“Haloalkyls” also encompass alkenyl or alkynyl groups
substituted with one or more halogen atoms.

The terms “hydroxy” and “hydroxyl” as used herein refers
to —OH.

The term “hydroxyalkyl” as used herein refers to a
hydroxy attached to an alkyl group.

The term “hydroxyaryl” as used herein refers to a hydroxy
attached to an aryl group.

The term “ketone” as used herein refers to the structure
—C(0O)—R, (such as acetyl, —C(O)CH,) or —R_—C
(O)—R,—. The ketone can be attached to another group
through R, or R, . R or R can be alkyl, alkenyl, alkynyl,
cycloalkyl, heterocyclyl or aryl, or R, or R, can be joined to
form, for example, a 3- to 12-membered ring.

The term “monoester” as used herein refers to an ana-
logue of a dicarboxylic acid wherein one of the carboxylic
acids 1s functionalized as an ester and the other carboxylic
acid 1s a free carboxylic acid or salt of a carboxylic acid.
Examples of monoesters include, but are not limited to, to
monoesters of succinic acid, glutaric acid, adipic acid,
suberic acid, sebacic acid, azelaic acid, oxalic and maleic
acid.

-

The term “nitro” as used herein refers to —NO.,,.

-

The term “mtrate” as used herein refers to NO;™.

—

T'he term “pertluoroalkyl” as used herein refers to an alkyl

group 1n which all of the hydrogen atoms have been replaced
by fluorine atoms. Exemplary pertluoroalkyl groups include,
but are not limited to, C, -C; pertluoroalkyl, such as trifluo-
romethyl.

The term “perfluorocycloalkyl” as used herein refers to a
cycloalkyl group in which all of the hydrogen atoms have
been replaced by fluorine atoms.

The term “perfluoroalkoxy” as used herein refers to an
alkoxy group in which all of the hydrogen atoms have been
replaced by tluorine atoms.

The term “phosphate” as used herein refers to the struc-
ture —OP(0)0,*~, —R_OP(0)0,*", —OP(O)(OR )O7, or
—R,OP(O)(OR )07, wheremn R, R, and R each indepen-
dently can be alkyl, alkenyl, alkynyl, aryl, cycloalkyl, het-
erocyclyl, or hydrogen.

The term “sulfide” as used herein refers to the structure
—R_S—, where R, can be alkyl, alkenyl, alkynyl, aryl,
arylalkyl, cycloalkyl, haloalkyl, heteroaryl, heterocyclyl.
The sulfide may be cyclic, for example, forming a 3 to
12-membered ring. The term “alkylsulfide” as used herein
refers to an alkyl group attached to a sulfur atom.

The term “sulfinyl” as used herein refers to the structure
—S(0)0—, —R, S(0)0—, —R S(O)OR —, or —S(O)
OR —, wherein R, and R_ can be alkyl, alkenyl, aryl,
arylalkyl, cycloalkyl, haloalkyl, heteroaryl, heterocyclyl,
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hydroxyl. Exemplary sulfinyl groups include, but are not
limited to, alkylsulfinyls wherein at least one of R, or R_ 1s
alkyl, alkenyl, or alkynyl.

The term “sulfonamide™ as used herein refers to the
structure —(R,)—N—S(0),—R — or —R/(R JN—
S(0),—R,, where R, R , and R can be, for example,
hydrogen, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, and het-
erocyclyl. Exemplary sulfonamides include alkylsulifona-
mides (e.g., where R 1s alkyl), arylsulfonamides (e.g.,
where R | 1s aryl), cycloalkyl sultonamides (e.g., where R 1s
cycloalkyl), and heterocyclyl sulfonamides (e.g., where R 1s
heterocyclyl).

The term “sulfonate” as used herein refers to a salt or ester
of a sulfonic acid. The term “sulfonic acid” refers to

R _SO.H, where R, 1s alkyl, alkenyl, alkynyl, arvl,
cycloalkyl, or heterocyclyl (e.g., alkylsulfonyl). The term
“sulfonyl” as used herein refers to the structure R, ,SO,—,
where R _can be alkyl, alkenyl, alkynyl, aryl, cycloalkyl, and
heterocyclyl (e.g., alkylsulionyl). The term “alkylsulfonyl™
as used herein refers to an alkyl group attached to a sulfonyl
group. “Alkylsulifonyl” groups can optionally contain alk-
enyl or alkynyl groups.

The term “sulfonate” as used herein refers R, SO;™, where
R 1s alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heterocyclyl,
hydroxyl, alkoxy, aroxy, or aralkoxy, where each of the
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, alkoxy,
aroxy, or aralkoxy optionally 1s substituted. Non-limiting
examples include triflate (also known as trifluoromethane-
sulfonate, CF,SO,™), benzenesulfonate, tosylate (also
known as toluenesulionate), and the like.

The term “thioketone” reters to the structure —R —C
(S)—R_—. The ketone can be attached to another group
through R, or R,. R, or R, can be alkyl, alkenyl, alkynyl,
cycloalkyl, heterocyclyl or aryl, or R, or R can be joined to
form a ring, for example, a 3- to 12-membered ring.

Each of the above groups may be optionally substituted.
As used herein, the term “substituted” 1s contemplated to
include all permissible substituents of organic compounds,
“permissible’” being in the context of the chemical rules of
valence known to those of ordinary skill in the art. It will be
understood that “substituted™ also includes that the substi-
tution results m a stable compound, e.g., which does not
spontaneously undergo transformation such as by rearrange-
ment, cyclization, elimination, etc. In some cases, “substi-
tuted” may generally refer to replacement of a hydrogen
with a substituent as described herein. However, “substi-
tuted,” as used herein, does not encompass replacement
and/or alteration of a functional group by which a molecule
1s 1dentified, e.g., such that the “substituted” functional
group becomes, through substitution, a diflerent functional
group. For example, a “substituted phenyl group™ must still
comprise the phenyl moiety and cannot be modified by
substitution, in this definition, to become, e.g., a pyridine
ring.

In a broad aspect, the permissible substituents include
acyclic and cyclic, branched and unbranched, carbocyclic
and heterocyclic, aromatic and nonaromatic substituents of
organic compounds. Illustrative substituents include, for
example, those described herein. The permissible substitu-
ents can be one or more and the same or different for
appropriate organic compounds. For purposes of the present
teachings, the heteroatoms such as nitrogen may have
hydrogen substituents and/or any permissible substituents of
organic compounds described herein which satisty the
valencies of the heteroatoms.

In various embodiments, the substituent 1s selected from
alkoxy, aryloxy, alkyl, alkenyl, alkynyl, amide, amino, aryl,
arylalkyl, carbamate, carboxy, cyano, cycloalkyl, ester,
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cther, formyl, halogen, haloalkyl, heteroaryl, heterocyclyl,
hydroxyl, ketone, nitro, phosphate, sulfide, sulfinyl, sulfo-
nyl, sulfonic acid, sulfonamide, and thioketone, each of
which optionally 1s substituted with one or more suitable
substituents. In some embodiments, the substituent 1is
selected from alkoxy, aryloxy, alkyl, alkenyl, alkynyl,
amide, amino, aryl, arylalkyl, carbamate, carboxy,
cycloalkyl, ester, ether, formyl, haloalkyl, heteroaryl, het-
erocyclyl, ketone, phosphate, sulfide, sulfinyl, sulfonyl, sul-
fonic acid, sulfonamide, and thioketone, wherein each of the
alkoxy, aryloxy, alkyl, alkenyl, alkynyl, amide, amino, aryl,
arylalkyl, carbamate, carboxy, cycloalkyl, ester, ether,
formyl, haloalkyl, heteroaryl, heterocyclyl, ketone, phos-
phate, sulfide, sulfinyl, sulfonyl, sulfonic acid, sulfonamide,
and thioketone can be further substituted with one or more
suitable substituents.

Examples of substituents include, but are not limited to,
halogen, azide, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl,
hydroxyl, alkoxyl, amino, nitro, sulthydryl, 1imino, amido,
phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether,
alkylthio, sulfonyl, sulfonamido, ketone, aldehyde, thioke-
tone, ester, heterocyclyl, —CN, aryl, aryloxy, perha-
loalkoxy, aralkoxy, heteroaryl, heteroaryloxy, heteroarylal-
kyl, heteroaralkoxy, azido, alkylthio, oxo, acylalkyl,
carboxy esters, carboxamido, acyloxy, aminoalkyl, alkylam-
moaryl, alkylaryl, alkylaminoalkyl, alkoxyaryl, arylamino,
aralkylamino, alkylsulfonyl, carboxamidoalkylaryl, carbox-
amidoaryl, hydroxyalkyl, haloalkyl, alkylaminoalkylcar-
boxy, aminocarboxamidoalkyl, cyano, alkoxvalkyl, perha-
loalkyl, arylalkyloxyalkyl, and the like. In some
embodiments, the substituent 1s selected from cyano, halo-
gen, hydroxyl, and nitro.

As a non-limiting example, 1n various embodiments when
onecofthe R ,R,,and R,.1n NR_R,R, . referred to herein as
an amine or amino, 1s selected from alkyl, alkenyl, alkynyl,
cycloalkyl, and heterocyclyl, each of the alkyl, alkenyl,
alkynyl, cycloalkyl, and heterocyclyl independently can be
optionally substituted with one or more substituents each
independently selected from alkoxy, aryloxy, alkyl, alkenyl,
alkynyl, amide, amino, aryl, arylalkyl, carbamate, carboxy,
cycloalkyl, ester, ether, formyl, haloalkyl, heteroaryl, het-
erocyclyl, ketone, phosphate, sulfide, sulfinyl, sulfonyl, sul-
fonic acid, sulfonamide, and thioketone, wherein each of the
alkoxy, aryloxy, alkyl, alkenyl, alkynyl, amide, amino, aryl,
arylalkyl, carbamate, carboxy, cycloalkyl, ester, ether,
formyl, haloalkyl, heteroaryl, heterocyclyl, ketone, phos-
phate, sulfide, sulfinyl, sulfonyl, sulfonic acid, sulfonamide,
and thioketone can be further substituted with one or more
suitable substituents. In some embodiments when the amine
1s an alkyl amine or a cycloalkylamine, the alkyl or the
cycloalkyl can be substituted with one or more substituents
cach independently selected from alkoxy, aryloxy, alkyl,
alkenyl, alkynyl, amide, amino, aryl, arylalkyl, carbamate,
carboxy, cyano, cycloalkyl, ester, ether, formyl, halogen,
haloalkyl, heteroaryl, heterocyclyl, hydroxyl, ketone, nitro,
phosphate, sulfide, sulfinyl, sulfonyl, sulfonic acid, sulfona-
mide, and thioketone. In certain embodiments when the
amine 1s an alkyl amine or a cycloalkylamine, the alkyl or
the cycloalkyl can be substituted with one or more substitu-
ents each independently selected from amino, carboxy,
cyano, and hydroxyl. For example, the alkyl or the
cycloalkyl 1 the alkyl amine or the cycloalkylamine 1is
substituted with an amino group, forming a diamine.

As used herein, a “suitable substituent” refers to a group
that does not nullily the synthetic or pharmaceutical utility
of the compounds of the invention or the intermediates
usetul for preparing them. Examples of suitable substituents
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include, but are not limited to: (C,-C,,), (C,-Cy), (C,-Cy), or
(C,-C,) alkyl, alkenyl or alkynyl; (C.-C,,), (Cs-C,4), (Cpg-
Ci4), or (Ce-Cyp) aryly (Cr-Cyy), (C5-Cyy), (C5-Ci3), or
(C-Co)  heteroaryl;  (C5-Cyy),  (C5-Cyy), or  (C5-Cy)
cycloalkyl; (C,-C,,), (C,-C,), (C,-C), or (C,-C,) alkoxy;
(Cs-Caz), (C6-Cig), (Co-Ciy), or (Co-C,p) aryloxy; —CN;
—OH; oxo; halo; carboxy; amino, such as —NH((C, -C,,),
(C1-Cs), (C1-Ce), or (C,-Cy) alkyl), —N((C,-C,,), (C,-Cs),
(Cy-Co), or (C,-Cy) alkyl),, —NH((Cy)aryl), or —N((Cs-
C,o) aryl),; formyl; ketones, such as —CO((C,-C,,), (C,-
Cg), (C,-Cy), or (C,-C,) alkyl), —CO(((C,-C, ) aryl) esters,
such as —CO,((C,-C,,), (C,-Cy), (C,-Cy), or (C,-C,) alkyl)
and —CO,((C.-C,,) aryl). One of skill mn art can readily
choose a suitable substituent based on the stability and
pharmacological and synthetic activity of the compound of
the 1nvention.

The term “‘pharmaceutically acceptable counter 1on”
refers to a pharmaceutically acceptable anion or cation. In
vartous embodiments, the pharmaceutically acceptable
counter 10on 1s a pharmaceutically acceptable ion. For
example, the pharmaceutically acceptable counter 1on 1is
selected from citrate, matate, acetate, oxalate, chloride,
bromide, 10dide, nitrate, sulfate, bisulfate, phosphate, acid
phosphate, 1sonicotinate, acetate, lactate, salicylate, tartrate,
oleate, tannate, pantothenate, bitartrate, ascorbate, succinate,
maleate, gentisinate, fumarate, gluconate, glucaronate, sac-
charate, formate, benzoate, glutamate, methanesulionate,
cthanesulfonate, benzenesulfonate, p-toluenesulfonate and
pamoate  (1.e., 1,1'-methylene-bis-(2-hydroxy-3-naph-
thoate)). In some embodiments, the pharmaceutically
acceptable counter 1on 1s selected from chloride, bromide,
1odide, mitrate, sulfate, bisulfate, phosphate, acid phosphate,
citrate, matate, acetate, oxalate, acetate, and lactate. In
particular embodiments, the pharmaceutically acceptable
counter 10on 1s selected from chloride, bromide, 1odide,
nitrate, sulfate, bisulfate, and phosphate.

The term “pharmaceutically acceptable salt(s)” refers to
salts of acidic or basic groups that may be present in
compounds used in the present teachings. Compounds
included 1n the present teachings that are basic 1n nature are
capable of forming a wide variety of salts with various
inorganic and organic acids. The acids that may be used to
prepare pharmaceutically acceptable acid addition salts of
such basic compounds are those that form non-toxic acid
addition salts, 1.e., salts containing pharmacologically
acceptable anions, including but not limited to sulfate,
citrate, matate, acetate, oxalate, chloride, bromide, 10dide,
nitrate, sulfate, bisulfate, phosphate, acid phosphate, 1soni-
cotinate, acetate, lactate, salicylate, citrate, tartrate, oleate,
tannate, pantothenate, bitartrate, ascorbate, succinate,
maleate, gentisinate, fumarate, gluconate, glucaronate, sac-
charate, formate, benzoate, glutamate, methanesulionate,
cthanesulfonate, benzenesulfonate, p-toluenesulfonate and
pamoate  (1.e., 1,1'-methylene-bis-(2-hydroxy-3-naph-
thoate)) salts. Compounds included 1n the present teachings
that include an amino moiety may form pharmaceutically
acceptable salts with various amino acids, 1n addition to the
acids mentioned above. Compounds included 1n the present
teachings, that are acidic 1n nature are capable of forming
base salts with various pharmacologically acceptable cat-
ions. Examples of such salts include alkali metal or alkaline
carth metal salts and, particularly, calcium, magnesium,
sodium, lithtum, zinc, potassium, and iron salts.

In addition, 1f the compounds described herein are
obtained as an acid addition salt, the free base can be
obtained by basifying a solution of the acid salt. Conversely,
if the product 1s a free base, an addition salt, particularly a
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pharmaceutically acceptable addition salt, may be produced
by dissolving the free base 1n a suitable organic solvent and
treating the solution with an acid, in accordance with con-
ventional procedures for preparing acid addition salts from
base compounds. Those skilled in the art will recognize
various synthetic methodologies that may be used to prepare
non-toxic pharmaceutically acceptable addition salts.

A pharmaceutically acceptable salt can be derived from an
acid selected from 1-hydroxy-2-naphthoic acid, 2,2-dichlo-
roacetic acid, 2-hydroxyethanesulionic acid, 2-oxoglutaric
acid, 4-acetamidobenzoic acid, 4-aminosalicylic acid, acetic
acid, adipic acid, ascorbic acid, aspartic acid, benzenesul-
fonic acid, benzoic acid, camphoric acid, camphor-10-sul-
fonic acid, capric acid (decanoic acid), caproic acid
(hexanoic acid), caprylic acid (octanoic acid), carbonic acid,
cinnamic acid, citric acid, cyclamic acid, dodecylsuliuric
acid, ethane-1,2-disulfonic acid, ethanesulfonic acid, formic
acid, fumaric acid, galactaric acid, gentisic acid, glucohep-
tonic acid, gluconic acid, glucuronic acid, glutamic acid,
glutaric acid, glycerophosphoric acid, glycolic acid, hippuric
acid, hydrobromic acid, hydrochloric acid, 1sethionic, 1sobu-
tyric acid, lactic acid, lactobionic acid, lauric acid, maleic
acid, malic acid, malonic acid, mandelic acid, methanesul-
fonic acid, mucic, naphthalene-1,5-disulfonic acid, naphtha-
lene-2-sulfonic acid, nicotinic acid, nitric acid, oleic acid,
oxalic acid, palmitic acid, pamoic acid, pantothenic, phos-
phoric acid, proprionic acid, pyroglutamic acid, salicylic
acid, sebacic acid, stearic acid, succinic acid, sulfuric acid,
tartaric acid, thiocyanic acid, toluenesulfonic acid, tritluo-
roacetic, and undecylenic acid.

Unless otherwise specified, the chemical groups include
theirr corresponding monovalent, divalent, trivalent, and
tetravalent groups. For example, methyl includes monova-
lent methyl (—CH,), divalent methyl (—CH,—, methylyl),
trivalent methyl

\g/

and tetravalent methyl

Unless otherwise specified, all numbers expressing quan-
tities of ingredients, reaction conditions, and other properties
or parameters used 1n the specification and claims are to be
understood as being modified 1n all instances by the term
“about.” Accordingly, unless otherwise indicated, 1t should
be understood that the numerical parameters set forth in the
following specification and attached claims are approxima-
tions. At the very least, and not as an attempt to limit the
application of the doctrine of equivalents to the scope of the
claims, numerical parameters should be read 1n light of the
number of reported significant digits and the application of

ordinary rounding techniques. For example, the term
“about” can encompass variations of £10%, £5%, +2%,
+1%., £0.5%, or £0.1% of the numerical value of the number
which the term “about” modifies. In various embodiments,
the term “about” encompasses variations of £5%, £2%,
+1%., or £0.5% of the numerical value of the number. In
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some embodiments, the term “about” encompasses varia-
tions of +5%, +2%, or £1% of the numerical value of the
number. In certain embodiments, the term “about” encom-
passes variations of 5% of the numerical value of the
number. In certain embodiments, the term “about” encom-
passes variations of 2% of the numerical value of the
number. In certain embodiments, the term “about” encom-
passes variations of x1% of the numernical value of the
number.

All numerical ranges herein include all numerical values
and ranges of all numerical values within the recited range
of numerical values. As a non-limiting example, (C,-C,)
alkyls also include any one of C,, C,, C;, C,, C., C,,
(Cl'cz): (Cl'Cs): (Cl'C4): (Cl'C5): (Cz'czs): (Cz'C4): (Cz'
CS): (CE'CG)a (C3'C4):ﬂ (CS'CS): (CS'Cﬁ): (C4'C5): (C4'C6):
and (C;-C,) alkyls.

Further, while the numerical ranges and parameters set-
ting forth the broad scope of the disclosure are approxima-
tions as discussed above, the numerical values set forth in
the Examples section are reported as precisely as possible.
It should be understood, however, that such numerical
values inherently contain certain errors resulting from the
measurement equipment and/or measurement technique.
Compounds

The present teachings generally provide compounds,
compositions, and methods of using the compounds or
compositions.

In various embodiments, the platinum (IV) compounds
cach includes a Michael acceptor. For example, a Michael
acceptor can be mntroduced by a ligand. In various embodi-
ments, one of or both the axial ligands each comprises one
or more Michael acceptors. In some embodiments, each of

the compounds of the present teachings has Formula I:

R; | R

Ry | DR
OR>

or a pharmaceutically acceptable salt thereof,

wherein:

Y 1s independently selected from NH and CH.,;

X 1s mdependently selected from acylhydrazone, ester,
amide or CH,

n and m are independently selected from O, 1, 2, 3, 4, 3,

and 6;

R' and R* each is Cl, or

R' and R” are joined to form an oxalate;

R® and R* each is NH,, or

R> and R* are joined together to form cyclohexane-1,2-
diamine and

R> is alkyl or

().
y
) O
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In various embodiments, the compound has Formula Ia:

Ia

%2 O)\O 0 /
- R 1
P
2
N 5 R
¥ or

In various embodiments, R' and R* each is Cl. In various
embodiments, R' and R* are joined together to form an
oxalate.

In various embodiments, Y 1s CH,, X 1s CH,, n 1s 0 and
m 1s 3.

In various embodiments, Y 1s NH, X 1s CH,, n 1s 0 and m
1s 4.

In various embodiments, R” is alkyl. In some embodi-
ments, R~ is methyl.

In various embodiments, R is

().
p
O O

In various embodiments, Y 1s NH. In some embodiments,
a compound of the present teachings 1s selected from:

Ha
/\ ..-‘N
Cl
P
Pt
.
\/ **IIIN Cl
H,
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In some embodiments, the compound 1s not -continued
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In various embodiments, Y 1s CH,. In some embodiments, 25
a compound of the present teachings is selected from:
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As described herein, some compounds of the present
teachings may be provided as a salt comprising a charged
platinum complex and a counter 1on, including a pharma-
ceutically acceptable counter 1on. The counter 10n may be a
weak or non-nucleophilic stabilizing 10n, having a charge of
(-1), (-2), (=3), (+1), (+2), (+3), etc. In some embodiments,
the counter 10on has a charge of (-1). In other embodiments,
the counter 10n has a charge of (-2). In some embodiments,
the counter 1on has a charge of (+1). In other embodiments,
the counter 10n has a charge of (+2).

Formulation, Delivery, Administration, and Dosing

The present teachings further comprise compositions (in-
cluding pharmaceutical compositions) each comprising one
or more of the compounds as described herein, and at least
one pharmaceutically acceptable excipient.

In some embodiments, compositions are admimstered to
humans, human patients or subjects. For the purposes of the
present disclosure, the phrase “active imgredient” generally
refers to the compounds to be delivered as described herein.

Although the descriptions of pharmaceutical composi-
tions provided herein are principally directed to pharmaceu-
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tical compositions which are suitable for administration to
humans, 1t will be understood by the skilled artisan that such
compositions are generally suitable for administration to any
other animal, e.g., to non-human animals, e.g. non-human
mammals. Modification of pharmaceutical compositions
suitable for adminmistration to humans 1n order to render the
compositions suitable for administration to various animals
1s well understood, and the ordinarily skilled veterinary
pharmacologist can design and/or perform such modifica-
tion with merely ordinary, if any, experimentation. Subjects
to which administration of the pharmaceutical compositions
1s contemplated include, but are not limited to, humans
and/or other primates; mammals, including commercially
relevant mammals such as cattle, pigs, horses, sheep, cats,
dogs, mice, and/or rats; and/or birds, including commer-
cially relevant birds such as poultry, chickens, ducks, geese,
and/or turkeys.

Formulations of the pharmaceutical compositions
described herein may be prepared by any method known or
hereafter developed 1n the art of pharmacology. In general,
such preparatory methods include the step of bringing the
active ingredient into association with an excipient and/or
one or more other accessory ingredients, and then, 1 nec-
essary and/or desirable, dividing, shaping and/or packaging
the product into a desired single- or multi-dose unit.

A pharmaceutical composition in accordance with the
invention may be prepared, packaged, and/or sold 1n bulk, as
a single unit dose, and/or as a plurality of single umt doses.
As used herein, a “unit dose” 1s discrete amount of the
pharmaceutical composition comprising a predetermined
amount of the active ingredient. The amount of the active
ingredient 1s generally equal to the dosage of the active
ingredient which would be administered to a subject and/or
a convenient fraction of such a dosage such as, for example,
one-half or one-third of such a dosage.

Relative amounts of the active ingredient, the pharma-
ceutically acceptable excipient, and/or any additional ingre-
dients 1n a pharmaceutical composition 1n accordance with
the mvention will vary, depending upon the identity, size,
and/or condition of the subject treated and further depending
upon the route by which the composition 1s to be adminis-
tered. By way of example, the composition may comprise
between 0.1% and 100%, e.g., between 0.5 and 50%,
between 1-30%, between 5-80%, at least 80% (w/w) active
ingredient.

The compounds of the present invention can be formu-
lated using one or more excipients to: (1) increase stability;
(2) permit the sustained or delayed release (e.g., from a
depot formulation of the compounds of the present inven-
tion); (3) alter the biodistribution (e.g., target the compounds
of the present invention to specific tissues or cell types); (4)
alter the release profile of the compounds of the invention 1n
vivo. Non-limiting examples of the excipients include any
and all solvents, dispersion media, diluents, or other liquid
vehicles, dispersion or suspension aids, surface active
agents, 1sotonic agents, thickening or emulsifying agents,
and preservatives. Excipients of the present invention may
also 1nclude, without limitation, lipidoids, liposomes, lipid
nanoparticles, polymers, lipoplexes, core-shell nanopar-
ticles, peptides, proteins, hyaluronidase, nanoparticle mim-
ics and combinations thereol. Accordingly, the formulations
of the mnvention may include one or more excipients, each 1n
an amount that together increases the stability of the com-
pounds of the present invention.

Excipients

Pharmaceutical formulations may additionally comprise a
pharmaceutically acceptable excipient, which, as used
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herein, includes any and all solvents, dispersion media,
diluents, or other liquid vehicles, dispersion or suspension
aids, surface active agents, 1sotonic agents, thickening or
emulsifying agents, preservatives, solid binders, lubricants
and the like, as suited to the particular dosage form desired.
Remington’s The Science and Practice of Pharmacy, 21st
Edition, A. R. Gennaro (Lippincott, Williams & Wilkins,
Baltimore, Md., 2006; incorporated herein by reference 1n
its entirety) discloses various excipients used 1n formulating
pharmaceutical compositions and known techniques for the
preparation thereof. Except insofar as any conventional
excipient medium 1s mmcompatible with a substance or its
derivatives, such as by producing any undesirable biological
cllect or otherwise interacting in a deleterious manner with
any other component(s) of the pharmaceutical composition,
its use 1s contemplated to be within the scope of this
invention.

In some embodiments, a pharmaceutically acceptable
excipient 1s at least 953%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% pure. In some embodiments, an
excipient 1s approved for use 1n humans and for veterinary
use. In some embodiments, an excipient 1s approved by
United States Food and Drug Administration. In some
embodiments, an excipient 1s pharmaceutical grade. In some
embodiments, an excipient meets the standards of the United
States Pharmacopoeia (USP), the European Pharmacopoeia
(EP), the British Pharmacopoeia, and/or the International
Pharmacopoeia.

Pharmaceutically acceptable excipients used 1in the manu-
facture of pharmaceutical compositions include, but are not
limited to, inert diluents, dispersing and/or granulating
agents, surface active agents and/or emulsifiers, disintegrat-
ing agents, binding agents, preservatives, bullering agents,
lubricating agents, and/or oils. Such excipients may option-
ally be included in pharmaceutical compositions.

Exemplary diluents include, but are not limited to, cal-
cium carbonate, sodium carbonate, calcium phosphate,
dicalcium phosphate, calcium sulfate, calcium hydrogen
phosphate, sodium phosphate lactose, sucrose, cellulose,
microcrystalline cellulose, kaolin, mannitol, sorbitol, 1nosi-
tol, sodium chlornde, dry starch, cornstarch, powdered sugar,
etc., and/or combinations thereof.

Exemplary granulating and/or dispersing agents include,
but are not limited to, potato starch, corn starch, tapioca
starch, sodium starch glycolate, clays, alginic acid, guar
gum, citrus pulp, agar, bentonite, cellulose and wood prod-
ucts, natural sponge, cation-exchange resins, calcium car-
bonate, silicates, sodium carbonate, cross-linked poly(vinyl-
pyrrolidone) (crospovidone), sodium carboxymethyl starch
(sodium starch glycolate), carboxymethyl cellulose, cross-
linked sodium carboxymethyl cellulose (croscarmellose),
methylcellulose, pregelatinized starch (starch 1500), micro-
crystalline starch, water insoluble starch, calcium car-
boxymethyl cellulose, magnesium aluminum silicate
(VEEGUM®), sodium lauryl sulfate, quaternary ammonium
compounds, etc., and/or combinations thereof.

Exemplary surface active agents and/or emulsifiers
include, but are not limited to, natural emulsifiers (e.g.
acacia, agar, alginic acid, sodium alginate, tragacanth, chon-
drux, cholesterol, xanthan, pectin, gelatin, egg yolk, casein,
wool fat, cholesterol, wax, and lecithin), colloidal clays (e.g.
bentonite [aluminum silicate] and VEEGUM® [magnesium
aluminum silicate]), long chain amino acid dertvatives, high
molecular weight alcohols (e.g. stearyl alcohol, cetyl alco-
hol, oleyl alcohol, triacetin monostearate, ethylene glycol
distearate, glyceryl monostearate, and propylene glycol
monostearate, polyvinyl alcohol), carbomers (e.g. carboxy
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polymethylene, polyacrylic acid, acrylic acid polymer, and
carboxyvinyl polymer), carrageenan, cellulosic derivatives
(e.g. carboxymethylcellulose sodium, powdered cellulose,
hydroxymethyl cellulose, hydroxypropyl cellulose,
hydroxypropyl methylcellulose, methylcellulose), sorbitan
fatty acid esters (e.g. polyoxyethylene sorbitan monolaurate
[TWEEN®?20], polyoxyethylene sorbitan [TWEENn®60],
polyoxyethylene sorbitan monooleate [TWEEN®SO0], sorbi-
tan monopalmitate [SPAN®40], sorbitan monostearate
[SPAN®G60], sorbitan tristearate [SPAN®65], glyceryl
monooleate, sorbitan monooleate [ SPAN®S0]), polyoxyeth-
ylene esters (e.g. polyoxyethylene  monostearate
IMYRI®43], polyoxyethylene hydrogenated castor oil,
polyethoxylated castor oil, polyoxymethylene stearate, and
SOLUTOL®), sucrose fatty acid esters, polyethylene glycol
fatty acid esters (e.g. CREMOPHOR®), polvoxyethylene
cthers, (e.g. polyoxyethylene lauryl ether [BRII®30]), poly
(vinyl-pyrrolidone), diethylene glycol monolaurate, trietha-
nolamine oleate, sodium oleate, potassium oleate, ethyl
oleate, oleic acid, ethyl laurate, sodium lauryl sulfate,
PLUORINC® F 68, POLOXAMER®I88, cetrimonium
bromide, cetylpyridinium chloride, benzalkonium chloride,
docusate sodium, etc. and/or combinations thereof.

Exemplary binding agents include, but are not limited to,
starch (e.g. cornstarch and starch paste); gelatin; sugars (e.g.
sucrose, glucose, dextrose, dextrin, molasses, lactose, lacti-
tol, mannitol,); natural and synthetic gums (e.g. acacia,
sodium alginate, extract of Irish moss, panwar gum, ghatti
gum, mucilage of 1sapol husks, carboxymethylcellulose,
methylcellulose, ethylcellulose, hydroxyethylcellulose,
hydroxypropyl cellulose, hydroxypropyl methylcellulose,
microcrystalline cellulose, cellulose acetate, poly(vinyl-pyr-
rolidone), magnesium aluminum silicate (Veegum®), and
larch arabogalactan); alginates; polyethylene oxide; poly-
cthylene glycol; 1norganic calcium salts; silicic acid;
polymethacrylates; waxes; water; alcohol; etc.; and combi-
nations thereof.

Exemplary preservatives may include, but are not limited
to, antioxidants, chelating agents, antimicrobial preserva-
tives, antifungal preservatives, alcohol preservatives, acidic
preservatives, and/or other preservatives. Exemplary anti-
oxidants include, but are not limited to, alpha tocopherol,
ascorbic acid, acorbyl palmitate, butylated hydroxyanisole,
butylated hydroxytoluene, monothioglycerol, potassium
metabisulfite, propionic acid, propyl gallate, sodium ascor-
bate, sodium bisulfite, sodium metabisulfite, and/or sodium
sulfite. Exemplary chelating agents include ethylenedi-
aminetetraacetic acid (EDTA), citric acid monohydrate,
disodium edetate, dipotassium edetate, edetic acid, fumaric
acid, malic acid, phosphoric acid, sodium edetate, tartaric
acid, and/or trisodium edetate. Exemplary antimicrobial
preservatives include, but are not limited to, benzalkonium
chloride, benzethonium chloride, benzyl alcohol, bronopol,
cetrimide, cetylpyridintum chloride, chlorhexidine, chlo-
robutanol, chlorocresol, chloroxylenol, cresol, ethyl alcohol,
glycerin, hexetidine, imidurea, phenol, phenoxyethanol,
phenylethyl alcohol, phenylmercuric nitrate, propylene gly-
col, and/or thimerosal. Exemplary antifungal preservatives
include, but are not limited to, butyl paraben, methyl para-
ben, ethyl paraben, propyl paraben, benzoic acid, hydroxy-
benzoic acid, potassium benzoate, potassium sorbate,
sodium benzoate, sodium propionate, and/or sorbic acid.
Exemplary alcohol preservatives include, but are not limited
to, ethanol, polyethylene glycol, phenol, phenolic com-
pounds, bisphenol, chlorobutanol, hydroxybenzoate, and/or
phenylethyl alcohol. Exemplary acidic preservatives
include, but are not limited to, vitamin A, vitamin C, vitamin
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E, beta-carotene, citric acid, acetic acid, dehydroacetic acid,
ascorbic acid, sorbic acid, and/or phytic acid. Other preser-
vatives include, but are not limited to, tocopherol, tocoph-
erol acetate, deteroxime mesylate, cetrimide, butylated
hydroxyanisol (BHA), butylated hydroxytoluened (BHT),
cthylenediamine, sodium lauryl sulfate (SLS), sodium lauryl
cther sulfate (SLES), sodium bisulfite, sodium metabisulfite,
potassium sulfite, potassium metabisulfite, GLYDANT
PLUS®, PHENONIP®, methylparaben, GERMALL®115,
GERMABEN® II, NEOLONE™, KATHON™, and/or
EUXYL®.

Exemplary buflering agents include, but are not limited
to, citrate bufler solutions, acetate bufller solutions, phos-
phate butler solutions, ammonium chloride, calctum carbon-
ate, calcium chloride, calcium citrate, calcium glubionate,
calcium gluceptate, calcium gluconate, D-gluconic acid,
calcium glycerophosphate, calcium lactate, propanoic acid,
calcium levulinate, pentanoic acid, dibasic calcium phos-
phate, phosphoric acid, tribasic calctum phosphate, calcium
hydroxide phosphate, potassium acetate, potassium chlo-
ride, potassium gluconate, potassium mixtures, dibasic
potassium phosphate, monobasic potassium phosphate,
potassium phosphate mixtures, sodium acetate, sodium
bicarbonate, sodium chloride, sodium citrate, sodium lac-
tate, dibasic sodium phosphate, monobasic sodium phos-
phate, sodium phosphate mixtures, tromethamine, magne-
stum hydroxide, aluminum hydroxide, alginic acid,
pyrogen-iree water, 1sotonic saline, Ringer’s solution, ethyl
alcohol, etc., and/or combinations thereof.

Exemplary lubricating agents include, but are not limited
to, magnesium stearate, calcium stearate, stearic acid, silica,
talc, malt, glyceryl behanate, hydrogenated vegetable oils,
polyethylene glycol, sodium benzoate, sodium acetate,
sodium chloride, leucine, magnesium lauryl sulfate, sodium
lauryl sulfate, etc., and combinations thereof.

Exemplary oils include, but are not limited to, almond,
apricot kernel, avocado, babassu, bergamot, black current
seed, borage, cade, camomile, canola, caraway, carnauba,
castor, cinnamon, cocoa butter, coconut, cod liver, coflee,
corn, cotton seed, emu, eucalyptus, evening primrose, fish,
flaxseed, geraniol, gourd, grape seed, hazel nut, hyssop,
1sopropyl myristate, jojoba, kukui nut, lavandin, lavender,
lemon, litsea cubeba, macademia nut, mallow, mango seed,
meadowlioam seed, mink, nutmeg, olive, orange, orange
roughy, palm, palm kernel, peach kernel, peanut, poppy
seed, pumpkin seed, rapeseed, rice bran, rosemary, sai-
flower, sandalwood, sasquana, savoury, sea buckthom,
sesame, shea butter, silicone, soybean, sunflower, tea tree,
thistle, tsubaki, vetiver, walnut, and wheat germ oils. Exem-
plary oils include, but are not limited to, butyl stearate,
caprylic triglycenide, capric triglyceride, cyclomethicone,
diethyl sebacate, dimethicone 360, 1sopropyl myristate, min-
eral o1l, octyldodecanol, oleyl alcohol, silicone o1l, and/or
combinations thereof.

Excipients such as cocoa butter and suppository waxes,
coloring agents, coating agents, sweetening, flavoring, and/
or perfuming agents can be present 1n the composition,
according to the judgment of the formulator.
Administration

The compounds of the present invention may be admin-
istered by any route which results 1 a therapeutically
eflective outcome. These include, but are not limited to
enteral, gastroenteral, epidural, oral, transdermal, epidural
(peridural), intracerebral (into the cerebrum), intracere-
broventricular (into the cerebral ventricles), epicutaneous
(application onto the skin), intradermal, (into the skin itselt),
subcutaneous (under the skin), nasal administration (through
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the nose), intravenous (into a vein), intraarterial (into an
artery), mntramuscular (into a muscle), intracardiac (into the
heart), intraosseous 1infusion (into the bone marrow), intrath-
ecal (into the spinal canal), intraperitoneal, (infusion or
injection into the peritoneum), itravesical infusion, mntrav-
itreal, (through the eye), intracavernous injection, (into the
base of the penis), intravaginal administration, intrauterine,
extra-amniotic administration, transdermal (diffusion
through the intact skin for systemic distribution), transmu-
cosal (diffusion through a mucous membrane), msuillation
(snorting), sublingual, sublabial, enema, eye drops (onto the
conjunctiva), or 1 ear drops. In specific embodiments,
compositions may be administered 1n a way which allows
them cross the blood-brain barrier, vascular barrier, or other
epithelial barrier.

Dosing

The present mmvention provides methods comprising
administering the compounds of the present invention to a
subject 1n need thereof. Compounds as described herein may
be administered to a subject using any amount and any route
of administration eflective for preventing or treating or
imaging a disease, disorder, and/or condition (e.g., a disease,
disorder, and/or condition relating to working memory defi-
cits). The exact amount required will vary from subject to
subject, depending on the species, age, and general condi-
tion of the subject, the severity of the disease, the particular
composition, 1ts mode of admimistration, 1ts mode of activity,
and the like.

Compositions in accordance with the imnvention are typi-
cally formulated 1n dosage unit form for ease of adminis-
tration and uniformity of dosage. It will be understood,
however, that the total daily usage of the compositions of the
present invention may be decided by the attending physician
within the scope of sound medical judgment. The specific
therapeutically eflective, prophylactically eflective, or
appropriate imaging dose level for any particular patient will
depend upon a variety of factors including the disorder being
treated and the severity of the disorder; the activity of the
specific compound employed; the specific composition
employed; the age, body weight, general health, sex and diet
of the patient; the time of administration, route of adminis-
tration, and rate of excretion of the specific compound
employed; the duration of the treatment; drugs used 1n
combination or coincidental with the specific compound
employed; and like factors well known in the medical arts.

In some embodiments, compositions 1 accordance with
the present invention may be administered at dosage levels
suflicient to deliver from about 0.0001 mg/kg to about 100
mg/kg, from about 0.001 mg/kg to about 0.05 mg/kg, from
about 0.005 mg/kg to about 0.05 mg/kg, from about 0.001
mg/kg to about 0.005 mg/kg, from about 0.05 mg/kg to
about 0.5 mg/kg, from about 0.01 mg/kg to about 50 mg/kg,
from about 0.1 mg/kg to about 40 mg/kg, from about 0.5
mg/kg to about 30 mg/kg, from about 0.01 mg/kg to about
10 mg/kg, from about 0.1 mg/kg to about 10 mg/kg, or from
about 1 mg/kg to about 25 mg/kg, of subject body weight per
day, one or more times a day, to obtain the desired thera-
peutic, diagnostic, prophylactic, or 1maging eflect. The
desired dosage may be delivered three times a day, two times
a day, once a day, every other day, every third day, every
week, every two weeks, every three weeks, or every four
weeks. In some embodiments, the desired dosage may be
delivered using multiple administrations (e.g., two, three,
four, five, six, seven, eight, nine, ten, eleven, twelve, thir-
teen, fourteen, or more administrations). When multiple
administrations are employed, split dosing regimens such as
those described herein may be used.
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As used herein, a “split dose™ 1s the division of single unit
dose or total daily dose into two or more doses, e.g, two or
more administrations of the single unit dose. As used herein,
a “single unit dose” 1s a dose of any therapeutic administered
in one dose/at one time/single route/single point of contact,
1.¢., single admimstration event. As used herein, a “total
daily dose” 1s an amount given or prescribed 1n 24 hr period.
It may be administered as a single unit dose. In one
embodiment, the compounds of the present invention are
administered to a subject 1n split doses. The compounds may
be formulated 1n builer only or 1n a formulation described
herein.

Dosage Forms

A pharmaceutical composition described herein can be
formulated 1nto a dosage form described herein, such as a
topical, intranasal, intratracheal, or injectable (e.g., intrave-
nous, intraocular, intravitreal, intramuscular, intracardiac,
intraperitoneal, subcutaneous).

Liquid Dosage Forms

Liquid dosage forms {for parenteral admainistration
include, but are not limited to, pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups,
and/or elixirs. In addition to active ingredients, liquid dosage
forms may comprise inert diluents commonly used 1n the art
including, but not limited to, water or other solvents, solu-
bilizing agents and emulsifiers such as ethyl alcohol, 1so-
propyl alcohol, ethyl carbonate, ethyl acetate, benzyl alco-
hol, benzyl benzoate, propylene glycol, 1,3-butylene glycol,
dimethylformamide, oils (in particular, cottonseed, ground-
nut, corn, germ, olive, castor, and sesame oils), glycerol,
tetrahydrofurfuryl alcohol, polyethylene glycols and fatty
acld esters of sorbitan, and mixtures thereof. In certain
embodiments for parenteral administration, compositions
may be mixed with solubilizing agents such as CREMO-
PHOR®, alcohols, oils, modified o1ls, glycols, polysorbates,
cyclodextrins, polymers, and/or combinations thereof.
Injectable
Injectable preparations, for example, sterile injectable
aqueous or oleaginous suspensions may be formulated
according to the known art and may include suitable dis-
persing agents, wetting agents, and/or suspending agents.
Sterile 1njectable preparations may be sterile injectable
solutions, suspensions, and/or emulsions 1n nontoxic paren-
terally acceptable diluents and/or solvents, for example, a
solution 1n 1,3-butanediol. Among the acceptable vehicles
and solvents that may be employed include, but are not
limited to, water, Ringer’s solution, U.S.P., and isotonic
sodium chloride solution. Sterile, fixed oils are convention-
ally employed as a solvent or suspending medium. For this
purpose any bland fixed o1l can be employed including
synthetic mono- or diglycerides. Fatty acids such as oleic
acid can be used 1n the preparation of injectables.

Injectable formulations can be sterilized, for example, by
filtration through a bacterial-retaining filter, and/or by incor-
porating sterilizing agents 1n the form of sterile solid com-
positions which can be dissolved or dispersed in sterile
water or other sterile injectable medium prior to use.

In order to prolong the efiect of an active ingredient, it
may be desirable to slow the absorption of the active
ingredient from subcutancous or intramuscular injection.
This may be accomplished by the use of a liquid suspension
of crystalline or amorphous material with poor water solu-
bility. The rate of absorption of the compounds then depends
upon its rate of dissolution which, 1n turn, may depend upon
crystal size and crystalline form. Alternatively, delayed
absorption of a parenterally administered compound may be
accomplished by dissolving or suspending the compounds 1n
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an o1l vehicle. Injectable depot forms are made by forming
microencapsule matrices of the compounds of the present
invention 1n biodegradable polymers such as polylactide-
polyglycolide. Depending upon the ratio of the compounds
of the present invention to polymer and the nature of the
particular polymer employed, the rate of compound release
can be controlled. Examples of other biodegradable poly-
mers include, but are not limited to, poly(orthoesters) and
poly(anhydrides). Depot injectable formulations may be
prepared by entrapping the compounds of the present inven-
tion 1 liposomes or microemulsions which are compatible
with body tissues.

Pulmonary

Formulations described herein as being useful for pulmo-
nary delivery may also be used for intranasal delivery of a
pharmaceutical composition. Another formulation suitable
for intranasal administration may be a coarse powder com-
prising the active ingredient and having an average particle
from about 0.2 um to 500 um. Such a formulation may be
administered in the manner 1n which snufl 1s taken, 1.e. by
rapid 1nhalation through the nasal passage from a container
of the powder held close to the nose.

Formulations suitable for nasal administration may, for
example, comprise from about as little as 0.1% (w/w) and as
much as 100% (w/w) of active ingredient, and may comprise
one or more of the additional ingredients described herein.
A pharmaceutical composition may be prepared, packaged,
and/or sold 1n a formulation suitable for buccal administra-
tion. Such formulations may, for example, be 1 the form of
tablets and/or lozenges made using conventional methods,
and may, for example, contain about 0.1% to 20% (w/w)
active ingredient, where the balance may comprise an orally
dissolvable and/or degradable composition and, optionally,
one or more of the additional ingredients described herein.
Alternately, formulations suitable for buccal administration
may comprise a powder and/or an aerosolized and/or atom-
1zed solution and/or suspension comprising active igredi-
ent. Such powdered, aerosolized, and/or aerosolized formu-
lations, when dispersed, may have an average particle and/or
droplet size 1n the range from about 0.1 nm to about 200 nm,
and may further comprise one or more of any additional
ingredients described herein.

General considerations 1n the formulation and/or manu-
facture of pharmaceutical agents may be found, for example,
in Remington: The Science and Practice of Pharmacy 21st
ed., Lippincott Williams & Wilkins, 2005 (incorporated
herein by reference 1n 1ts entirety).

Coatings or Shells

Solid dosage forms of tablets, dragees, capsules, pills, and
granules can be prepared with coatings and shells such as
enteric coatings and other coatings well known in the
pharmaceutical formulating art. They may optionally com-
prise opacilying agents and can be of a composition that they
release the active ingredient(s) only, or preferentially, 1n a
certain part of the intestinal tract, optionally, 1n a delayed
manner. Examples of embedding compositions which can be
used include polymeric substances and waxes. Solid com-
positions of a similar type may be employed as fillers 1n soft
and hard-filled gelatin capsules using such excipients as
lactose or milk sugar as well as high molecular weight
polyethylene glycols and the like.

Methods of Using the Compounds and Compositions

These and other embodiments of the present teachings
may also ivolve promotion of the treatment of cancer or
tumor according to any of the techniques and compositions
and combinations of compositions described herein.
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In various embodiments, methods for treating a subject
having a cancer are provided, wherein the method comprises
administering a therapeutically-eflective amount of a com-
pound, as described herein, to a subject having a cancer,
suspected of having cancer, or having a predisposition to a
cancer. According to the present invention, cancer embraces
any disease or malady characterized by uncontrolled cell
proliferation, e.g., hyperproliferation. Cancers may be char-
acterized by tumors, e.g., solid tumors or any neoplasm. In
some embodiments, the subject may be otherwise free of
indications for treatment with said compound. In some
embodiments, methods include use of cancer cells, including
but not limited to mammalian cancer cells. In some
instances, the mammalian cancer cells are human cancer
cells.

In some embodiments, the compounds of the present
teachings have been found to inhibit cancer and/or tumor
growth. They may also reduce cell proliferation, 1nvasive-
ness, and/or metastasis, thereby rendering them particularly
desirable for the treatment of a cancer.

In some embodiments, the compounds of the present
teachings may be used to prevent the growth of a tumor or
cancer, and/or to prevent the metastasis of a tumor or cancer.
In some embodiments, compositions of the present teach-
ings may be used to shrink or destroy a cancer.

In some embodiments, a compound provided herein 1s
uselul for mhibiting proliferation of a cancer cell. In some
embodiments a compound provided herein 1s useful for
inducing cell death of a cancer cell or both inhibiting
proliferation or inducing cell death of a cancer cell.

The cancers treatable by methods of the present teachings
generally occur in mammals. Mammals include, {for
example, humans and non-human primates, as well as pet or
companion ammals, such as dogs and cats, laboratory ani-
mals, such as rats, mice and rabbits, and farm animals, such
as horses, pigs, sheep, and cattle. In various embodiments,
the cancer 1s lung cancer, breast cancer, colorectal cancer,
ovarian cancer, bladder cancer, prostate cancer, cervical
cancer, renal cancer, leukemia, central nervous system can-
cers, myeloma, and melanoma. In some embodiments, the
cancer 1s lung cancer. In certain embodiments, the cancer 1s
human lung carcinoma and/or normal lung fibroblast.

In some embodiments, the compounds of the present
invention are eflective for inhibiting tumor growth, whether
measured as a net value of size (weight, surface area or
volume) or as a rate over time, 1n multiple types of tumors.

In some embodiments, the size of a tumor 1s reduced by
60% or more. In some embodiments, the size of a tumor 1s
reduced by at least 20%, at least 30%, at least 40%, at least
50%, at least 60%, at least 70%, at least 80%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, at least 100%, by a measure of weight, and/or area
and/or volume.

In some embodiments, the RECIST (Response Evaluation
Criteria In Solid Tumors) criteria are used to characterize the
ellects of the compounds of the invention on solid tumors.
The guidelines for gauging tumors were updated and pub-
lished 1n the European Journal of Cancer (EJC) in January
2009 (Eisenhauer, et al., European Journal of Cancer: 45
(2009) 228-247), the contents of which are incorporated
herein by reference in their entirety. Any of the RECIST
metrics may be used to characterize the eflects of the
compounds of the mvention on tumors including but not
limited to response, assessment and measurement criteria.

The following examples are mtended to 1llustrate certain
embodiments of the present teachings, but do not necessarily
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exemplily the full scope of the present teachings and there-
fore should not be construed to limit the scope of the present
teachings.

EXAMPLES

Example 1(a)
Preparation of Platinum(IV) Precursors

Oxalato[(1R,2R)-1,2-cyclohexanediamine-kN,kN']
dihydroxyplatinum, dichloro[(1R,2R)-1,2-cyclohexanedi-
amine-KN,KN'|dihydroxyplatinum and cis-(dichlorodiam-
mine)dihydroxyplatinum were prepared according to litera-
ture procedure (Della Rocca, Joseph; Huxford, Rachel C.;
Comstock-Duggan, Erica; Lin, Wenbin Angewandte Che-
mie, International Edition (2011), 50(44), 10330-10334).
Dichloro[(1R,2R)-1,2-cyclohexanediamine-kN,kN'[hy-
droxy,methoxyplatinum and oxalato[(1R,2R)-1,2-cyclo-
hexanediamine-kN,kN'|hydroxy,methoxyplatinum were
prepared following this general procedure: Dichloro[ (1R,
2R)-1,2-cyclohexanediamine-kIN.kN'| platinum (380 mg,
1.00 mmol) was weighed 1n a 25 mL round bottom flask and
suspended 1 5 mL of anhydrous MeOH. The solution was
sonicated to provide a fine suspension and mCPBA (344 mg,
2.00 mmol, 2.00 equv) was then added. The reaction
mixture was stirred at room temperature for 5 mins. A
precipitate formed and was filtered and dnied to atford 90
mg. TBME (20 mL) was added onto filtrate, which caused
more solid to precipitate. The solid was filtered then dried to

alford 190 mg. Two solid crops were combined and used as
1s (280 mg).

1BuO,CCl, THF
N-methyl

morpholine,

0° C.

-

/ N\/\/\)(T\OH
/ 0 O O
g\/\/\)u\oﬁ/

General Procedure for Preparation of Mixed Anhydrides.

To a solution of 6-maleimidohexanoic acid (844 mg, 4.00
mmol) in THF (10.0 mL) was added N-methyl morpholine
(440 uL., 4.00 mmol). The solution was cooled to 0° C., and
isobutylchloroformate (520 upl, 4.00 mmol) was added
dropwise. The reaction was gradually warmed to room
temperature, and stirred at room temperature for 30 minutes
(min). Water (10 mL) was added, and the reaction extracted
with ethyl acetate (3x30 mL). The combined organic layers
were dried with MgSO,,, and the solvent removed 1n vacuo.
The crude mixed anhydride was used without further puri-
fication.

1. diphenylphosphoryl
/ O 0 azide, EtsN,
toluene
-
N\/\/\)I\ 2. 110° C.
OH
O
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-continued
O
N\/\/\/ NEO

O

General Procedure for Preparation of Isocyanates.

To a solution of 6-maleimidohexanoic acid (844 mg, 4.00
mmol) 1n toluene (40.0 mL) was added triethylamine (670
ul, 4.80 mmol), followed by diphenylphosphoryl azide (950
ul, 4.40 mmol) was. The solution was stirred at room
temperature for 2 hours. A saturated solution of sodium
bicarbonate (40 mL) was added, and the layers separated.
The organic layer was dried with MgSO,, and the solvent
evaporated under reduced pressure until ca. 20 mL solvent
remained. 20 mL of toluene was added, then the solution
was warmed to 100° C. for 16 hours. Solvent was evaporated
and the crude 1socyanate was used without further purifica-
tion.

General Procedure for Synthesizing Compounds of the
Present Teachings

The appropriate platinum(IV) precursor was suspended 1n
N,N-dimethyliformamide and 1-3 equivalents of the appro-
priate anhydride or 1socyanate was added. The solution was
stirred at 25-60° C. for up to 1 day. The solution was
centrifuged and then decanted. Unreacted starting material
was recovered from decanted solid. The solvent from the
filtrate was removed under vacuum and the crude residue
was purified on silica gel chromatography to afford pure
products.

Example 1(b)

5

10

15

20

25

30

32

kN'|dihydroxyplatinum. The reaction was stirred at 55° C.
for 18 hours (h), and the solvent removed in vacuo. The
remaining oil was purified by silica gel chromatography to
give desired compound 1n ~80% purity. This material was

turther punified by preparative HPLC to give desired com-
pound 6 (510 mg, 0.624 mmol, 65% vield). LCMS (Mobile

Phase: A: water (0.01% TFA) B: ACN (0.01% TFA); Gra-
dient: 5%-95% B 1n 1.4 min; Flow Rate: 2.3 ml/min, 3.2 min
run; Column: SunFire C18, 4.6*50 mm, 3.5 um; Oven

Temperature: 50° C.) Rt: 1.71 mins; MW: 817.2, 818.3.

Example 2

The following analogs were prepared according to the
above general procedure by using the appropriate 1socyanate
or anhydride:

1: LCMS (Mobile Phase: A: water (0.01% TFA) B: ACN
(0.01% TFA); Gradient: 5%-95% B 1n 1.5 min; Flow Rate:
1.8 ml/min, 3.0 min run; Column: SunFire C18, 4.6*50 mm,
3.5 um; Oven Temperature: 45° C.) Rt: 1.596; MH+: 743.8,
746.8 and 747.8.

2: LCMS (Mobile Phase: A: water (0.01% TFA) B: ACN
(0.01% TFA); Gradient: 5%-95% B 1 1.4 min; Flow Rate:
2.3 ml/min, 3.2 min run; Column: SunFire C18, 4.6*50 mm,
3.5 um; Oven Temperature: 50° C.) Rt: 1.61; MH™: 828.7,
829.7, 830.7.

3: LCMS (Mobile Phase: A: water (0.01% TFA) B: ACN
(0.01% TFA); Gradient: 5%-95% B 1n 1.4 min; Flow Rate:
2.3 ml/min, 3.2 min run; Column: SunFire C18, 4.6*50 mm,
3.5 um; Oven Temperature: 50° C.) Rt: 1.86; MH™: 801 .2,
802.4: LCMS (Mobile Phase: A: water (0.01% TFA) B:
ACN (0.01% TFA); Gradient: 5%-95% B 1n 1.2 min; Flow
Rate: 2.2 ml/min, 2.3 min run; Column: Merck C18, 3*50
mm, 3.5 um; Oven Temperature: 40° C.) Rt: 1.002; MH™:
619.9, 620.9, 621.9, 622.9, 623.9.

/ 0 O O
gmyko)km/

EzOHO 0
\I|/
it DME. 55° C -
VAN 557 C.
N O 0
H om
O
N
O
/\ %20 O 0 O
Pt
A AN
\/ "N O O
Hz ¢ 0O
O
N
O
6
65

To a solution of the mixed anhydnide 1n DMF (10 mL)
was added oxalato[(1R,2R)-1,2-cyclohexanediamine-kN,

5: LCMS (Mobile Phase: A: water (0.01% TFA) B: ACN
(0.01% TFA); Gradient: 5%-95% B 1n 1.5 min; Flow Rate:
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1.8 ml/min, 3.0 min run; Column: SunFire C18, 4.6*50 mm,
3.5 um; Oven Temperature: 45° C.) Rt: 1.549; MH™: 638.8,

639.8.

7: LCMS (Mobile Phase: A: water (0.01% TFA) B: ACN
(0.01% TFA); Gradient: 5%-95% B 1n 6.0 min; Flow Rate:
1.5 ml/min, 8.0 min run; Column: Zorbax Eclipse XDB-
C18, 4.6*100 mm, 3.5 um; Oven Temperature: 35° C.) Rt:
3.80; MH™: 719, 720, 721, 722, 723.

13: LCMS (Mobile Phase: A: water (0.01% TFA) B: ACN
(0.01% TFA); Gradient: 5%-95% B in 6.0 min; Flow Rate:
1.5 ml/min, 8.0 min run; Column: Zorbax Eclipse XDB-
C18, 4.6*100 mm, 3.5 um; Oven Temperature: 35° C.) Rt:
4.12; MH™: 751, 752, 753.

14: LCMS (Mobile Phase: A: water (0.01% TFA) B: ACN
(0.01% TFA); Gradient: 5%-95% B in 1.3 min; Flow Rate:
2.0 ml/min, 3.0 min run; Column: SunFire C18, 4.6*50 mm,
3.5 um; Oven Temperature: 50° C.) Rt: 1.335; MH™: 847.3,

3438.2, 8349.2.
1. @ O
2
V4 O
.-'Pt I ) Oh
.:Ifg O O %
2 -~
L HLN W\/\N )
O
O
HO/
2 O
UN 0

N/

W 2N
N 0T
H;
O O
S
N~ WV\N
0 /

Synthesis of compound 8. The mixed anhydride was
prepared from levulinic acid wusing the general
procedure, then reacted with oxalato[(1R,2R)-1,2-cyclo-
hexanediamine-kN,kN'|hydroxy,methoxyplatinum using the
general procedure. The resulting ketone (1.00 mmol) was
dissolved mm DMF (5 mL) and the acylhydrazide (1.00
mmol) was added. Solution was stirred at room temperature
for 5 days. Solvent was evaporated to dryness, crude was
purified on Combaiflash (gradient 2-7% methanol 1n dichlo-
romethane) to afford compound 8. LCMS (Mobile Phase: A:
water (0.01% TFA) B: ACN (0.01% TFA); Gradient:
5%-95% B 1n 6.0 min; Flow Rate: 1.5 ml/min, 8.0 min run;
Column: Zorbax Eclipse XDB-C18, 4.6*100 mm, 3.5 um;
Oven Temperature: 33° C.) Rt: 5.23; MH™: 751, 752, 753.
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-continued
O&O
O O
H, O O
N | o O
\I|/
Pt
hy N/ \O
H, O
OMe
0

Synthesis of compound 9. N-(2-hydroxyethyl)-1H-pyr-
role-2-5-dione (141 mg, 1.00 mmol) was dissolved in
dichloromethane (1 mL), triethylamine (101 mg, 1.00

mmol) was added, followed by succinic anhydride. After 3
hours, solvent was evaporated. Mixed anhydride of corre-
sponding acid was prepared using the general
procedure, then reacted with oxalato[(1R,2R)-1,2-cyclo-
hexanediamine-kN,kN'|hydroxy,methoxyplatinum to afford
compound 9. LCMS (Mobile Phase: A: water (0.01% TFA)
B: ACN (0.01% TFA); Gradient: 5%-93% B 1n 1.3 min;
Flow Rate: 2.0 ml/min, 3.0 min run; Column: SunFire C18,
4.6*350 mm, 3.5 um; Oven Temperature: 50° C.) Rt: 1.111;
MH™: 667.1, 668.1, 669.1.

N
N




US 10,011,622 B2

35

Synthesis of compound 10. N-(2-hydroxyethyl)-1H-pyr-
role-2-5-dione (141 mg, 1.00 mmol) was dissolved in
dichloromethane (1 mlL), triethylamine (101 mg, 1.00
mmol) was added, followed by succinic anhydrnide. After 3
hours, solvent was evaporated. Mixed anhydride of corre-
sponding acid was prepared using the general procedure,
then reacted with dichloro[(1R,2R)-1,2-cyclohexanedi-
amine-KN,kN'|hydroxy,methoxyplatinum to aflord com-
pound 10. LCMS (Mobile Phase: A: water (0.01% TFA) B:
ACN (0.01% TFA); Gradient: 5%-95% B m 1.5 min; Flow
Rate: 2.0 ml/min, 3.0 min run; Column: SunFire C18,
4.6*50 mm, 3.5 um; Oven Temperature: 50° C.) Rt: 1.371;
MH™: 649.8, 650.8, 651.8.
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Synthesis of compound 11. N-(aminopropyl)-1H-pyrrole-
2-5-dione hydrochloride (190 mg, 1.00 mmol) was dis-
solved 1n dichloromethane (1 mL), triethylamine (101 mg,
1.00 mmol) was added, followed by succinic anhydride.
After 3 hours, solvent was evaporated. Mixed anhydride of
corresponding acid was prepared using the general proce-
dure, then reacted with oxalato[(1R,2R)-1,2-cyclohexanedi-
amine-KN ,KN'lhydroxy,methoxyplatinum to aflord com-
pound 11. LCMS (Mobile Phase: A: water (0.01% TFA) B:
ACN (0.01% TFA); Gradient: 5%-95% B 1n 1.3 min; Flow
Rate: 2.0 ml/min, 3.0 min run; Column: SunFire C18,
4.6*50 mm, 3.5 um; Oven Temperature: 50° C.) Rt: 1.060;
MH™: 680.1, 681.1, 682.1.
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Synthesis of compound 12. N-(aminopropyl)-1H-pyrrole-

2-5-dione hydrochloride (190 mg, 1.00 mmol) was dis-

solved 1n dichloromethane (1 mL), triethylamine (101 mg,
1.00 mmol) was added, followed by succinic anhydride.
After 3 hours, solvent was evaporated. Mixed anhydride of
corresponding acid was prepared using the general proce-
dure, then reacted with dichloro[(1R,2R)-1,2-cyclohexane-
diamine-kIN.kN'|hydroxy,methoxyplatinum to afford com-
pound 12. LCMS (Mobile Phase: A: water (0.01% TFA) B:

ACN (0.01% TFA); Gradient: 5%-95% B m 1.5 min; Flow
Rate: 2.0 ml/min, 3.0 min run; Column: SunFire C18,
4.6*350 mm, 3.5 um; Oven Temperature: 50° C.) Rt: 1.284;
MH™: 662.8, 663.8, 664.8.




US 10,011,622 B2

37

-continued

Synthesis of compound 15. N-(2-hydroxyethyl)-1H-pyr-
role-2-5-dione (141 '
dichloromethane (1

mg, 1.00 mmol) was dissolved 1n
1.00
mmol) was added, followed by succinic anhydrnide. After 3

ml.), triethylamine (101 mg,

hours, solvent was evaporated. Mixed anhydride of corre-
the
procedure, then reacted with oxalato[(1R,2R)-1,2-cyclo-

sponding acid was prepared using general

[l

hexanediamine-kN ,kN'|dihydroxyplatinum to afford com-
pound 15. LCMS (Mobile Phase: A: water (0.01% TFA) B:

ACN (0.01% TFA); Gradient: 5%-95% B 1n 1.3 min; Flow
Rate: 2.0 ml/min, 3.0 min run; Column: SunFire C18,
4.6*50 mm, 3.5 um; Oven Temperature: 50° C.) Rt: 1.260;
MH™: 877.1, 878.1, 879.1.
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-continued
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Synthesis of compound 16. Oxalato[(1R,2R)-1,2-cyclo-
hexanediamine-kN ,kN'|dihydroxyplatinum was reacted
with tert-butyl 2-1socyanatoacetate following the general
procedure. The tert-butyl ester (700 mg) was dissolved in
TFA/dichloromethane/water (4/1/0.12 mL) and solution was
stirred at room temperature for 1 h. Diethyl ether was added,
the resulting solid was filtered and dried. The corresponding
mixed anhydride was prepared from the resulting diacid
using the general procedure, then reacted with N-(2-hy-
droxyethyl)-1H-pyrrole-2-5-dione (3 equiv) to aflord com-
pound 16. LCMS (Mobile Phase: A: water (0.01% TFA) B:
ACN (0.01% TFA); Gradient: 5%-95% B m 1.3 min; Flow
Rate: 2.0 ml/min, 3.0 min run; Column: SunFire C18,

4.6*50 mm, 3.5 um; Oven Temperature: 50° C.) Rt: 1.183;
MH™: 877.1, 878.1, 879.1.

Example 3

Human cancer cell lines were plated in 96 well plates

(Costar) and 24 hours later were treated with compound for
48-72 hours. Specifically, H460 cells (ATCC) were plated at
a concentration of 1,500 cells per well and 1incubated with a
compound for 48 hours. Compound starting dose was 20 uM
and three fold serial dilutions were done for a total of ten
samples. Inhibition of proliferation was measured using Cell
Titer-Glo® reagent using the standard protocol (Promega)
and a Glomax® multi+detection system (Promega). Percent
proliferation inhibition was calculated using the following
formula: % 1nhibition=(control-treatment)/control*100.
Control 1s defined as vehicle alone. IC50 curves were
generated using the nonlinear regression analysis (four
parameter) with GraphPad Prism 6.

Compounds of the present teachings each has an IC.,
between 0.0001 uM and 30 uM. For example, as shown
below, some examples of the present teachings each has an
IC., value between 0.01 uM and 20 uM. In some embodi-
ments, the compounds have the following IC.,.

Compound No. [Cs5o/1LM (H460)
1 9.4
2 6.3
6 =20
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These data demonstrate that compounds described herein
are eflicacious for inducing cell death 1n a cancer cell.

Example 4

[

To assess the activity of the compounds in vivo, the effect
of compound 6 on the growth of human H460 NSCLC

xenograits was tested. All mice were treated in accordance
with the OLAW Public Health Service Policy on Human

Care and Use of Laboratory Animals and the ILAR Guide
for the Care and Use of Laboratory Animals, and were
conducted at Charles River Laboratories (Morrisville, N.C.).
All 1 vivo studies were conducted following the protocols
approved by the Charles River Institutional Animal Care and
Use Committee. For the H460 1n vivo studies, 10 week old
female NCR nude mice were mnoculated subcutaneously into
the right flank with 10 million cells mm 1:1 RPMI 1640
(Invitrogen, Carlsbad, Calif.)/Matrigel (BD Biosciences,
San Jose Calif.). Tumor measurements were taken twice
weekly, using vernier calipers. Tumor volume was calcu-
lated using the formula: V=0.5xwidthxwidthxlength.

When tumors approached a volume of 100 mm®, mice
were randomized 1nto two groups of ten ammals. Mice were
treated with vehicle control (10% Solutol HS15 1n Saline) or
30 mg/kg 6 by intravenous injection. Mice were dosed twice
weekly for the duration of the study. Twenty-four hours after
the final dose tumor volumes were measured again for
calculation of tumor growth inhibition. All statistical analy-
s1s was done using GraphPad PRISM® Version 6.00. Final
tumor volumes were analyzed using with a one-way analysis
of variance and Tukey multiple comparison test. Eflicacy
data for 6 1s shown 1n FIG. 1. Stmilar experiments were also
conducted to access the activity of the compounds 1n other
xenograit models.

Example 5

Mouse PK/PD Studies

To examine the ability of compounds to accumulate in
tumors, a murine cancer model was used. Animals were
inoculated with 5x10°> H460 small cell lung cancer cells via
subcutaneous injection to the flank. Tumors were allowed to
reach an approximate volume of ~500 mm”. Animals were
then randomized 1nto treatment groups of 3 animals per time
point and were dosed at maximum tolerated dose (MTD).
The 24 hour time point was used as a benchmark across
compounds.

Tumor platinum levels were determined by inductively
coupled plasma mass spectrometry (ICP-MS). Tumors were
excised from animals and dissolved in fuming nitric acid
(60% w/w) by adding four parts nitric acid to 1 part tumor
w/w and heating overnight at 60 degrees Centigrade. The
resulting digest was diluted 1:10 in ICP-MS analysis bufler
(1% nitric acid, 2% Triton® x-100), and directly introduced
into the ICP-MS unit by peristaltic pump. The end dilution
tactor for the samples as introduced to the ICP-MS was 50x.

FIG. 2 shows the platinum levels in the tumor for two
exemplary compounds (Compounds 2 (6) and 3 (5) in FIG.
2) of the present teachings, respectively, 1n which each of the
compounds was dosed as a free drug. Compound 1 1s
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Compound 1 was dosed at 4 mg/kg, compound 2 and
compound 3 at 30 mg/kg.

The figure shows higher platinum levels 1n the tumors for
the exemplary compounds.

(Ll

EQUIVALENTS AND SCOP.

While several embodiments of the present teachings have
been described and illustrated herein, those of ordinary skall
in the art will readily envision a variety of other means
and/or structures for performing the functions and/or obtain-

ing the results and/or one or more of the advantages
described herein, and each of such vanations and/or modi-
fications 1s deemed to be within the scope of the present
teachings. More generally, those skilled in the art waill
readily appreciate that all parameters, dimensions, materials,
and configurations described herein are meant to be exem-
plary and that the actual parameters, dimensions, materials,
and/or configurations will depend upon the specific appli-
cation or applications for which the teachings of the present
teachings 1s/are used. Those skilled 1n the art will recognize,
or be able to ascertain using no more than routine experi-
mentation, many equivalents to the specific embodiments of
the present teachings described herein. It 1s, therefore, to be
understood that the foregoing embodiments are presented by
way ol example only and that, within the scope of the
appended claims and equivalents thereto, the present teach-
ings may be practiced otherwise than as specifically
described and claimed. The present teachings are directed to
cach 1ndividual feature and/or method described herem. In
addition, any combination of two or more such features
and/or methods, 1t such features and/or methods are not
mutually inconsistent, 1s included within the scope of the
present teachings.

The scope of the present invention 1s not mtended to be
limited to the above Description, but rather 1s as set forth 1n
the appended claims.

In the claims, articles such as “a,” “an,” and “the” may
mean one or more than one unless indicated to the contrary
or otherwise evident from the context. Claims or descrip-
tions that include “or” between one or more members of a
group are considered satisfied 11 one, more than one, or all
of the group members are present in, employed 1n, or
otherwise relevant to a given product or process unless
indicated to the contrary or otherwise evident from the
context. The invention includes embodiments 1n which
exactly one member of the group is present 1n, employed 1n,
or otherwise relevant to a given product or process. The
invention includes embodiments 1n which more than one, or
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all of the group members are present 1, employed in, or 2. The compound of claim 1, wherein the compound has
otherwise relevant to a given product or process. Formula Ia:

It 1s also noted that the term “comprising” 1s mtended to
be open and permits but does not require the inclusion of Ta
additional elements or steps. When the term “comprising” 1s 5 0.
used herein, the term “‘consisting of” 1s thus also encom-
passed and disclosed. Y/(A)”\X/mN

Where ranges are given, endpoints are included. Further- )\ /
O O O

more, 1t 1s to be understood that unless otherwise indicated H,

or otherwise evident from the context and understanding of 0 A‘N\ R!

one of ordinary skill in the art, values that are expressed as Pt':
ranges can assume any specific value or subrange within the
stated ranges 1n diflerent embodiments of the invention, to H,
the tenth of the unit of the lower limit of the range, unless
the context clearly dictates otherwise. s 3. The compound of claim 1, wherein R' and R* each is
In addition, 1t 1s to be understood that any particular Cl.
embodiment of the present invention that falls within the
prior art may be explicitly excluded from any one or more
of the claims. Since such embodiments are deemed to be
known to one of ordinary skill in the art, they may be .0 |
excluded even 1f the exclusion 1s not set forth explicitly 0
herein. Any particular embodiment of the compositions of \
the invention can be excluded from any one or more claims,
for any reason, whether or not related to the existence of HN/\/N
prior ar‘g. C 25 /J\ O
All cited sources, for example, references, publications,
databases, database entries, and art cited herein, are incor- H> 0 O
porated into this application by reference, even 1f not
expressly stated in the citation. In case of contlicting state- /
ments of a cited source and the instant application, the
statement 1n the instant application shall control. O O
Section and table headings are not intended to be limiting. \(
What 1s claimed 1s: .
1. A compound of Formula I: \/\N

35 /

4. A compound selected from:

Z

30 H,

O/KO O / i H, /J\o /

Rgx\ _R! N O O
Pt \|
P N
Ry | TR Pt
OR’ 44 wnf | C!
I, O 0 0
or a pharmaceutically acceptable salt thereof, \( \

wherein: NSNS~
Y 1s CH,;

X is CH., 50 O,
n1s 0 and m 1s 3; 3
R' and R* each is Cl, or O
R' and R” are joined to form an oxalate; \
R and R* each is NH,, or N
R® and R* are joined together to form cyclohexane-1,2- 55
diamine and O

R> is %2 0 0

\| ¢

Pt
/| ci

O. 60 AN
A9 AN 1IN
Y noX m N O
O O N
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5. A pharmaceutical composition comprising a compound
according to claim 1 and a pharmaceutically acceptable
carrier.

6. A method of treating cancer selected from lung cancer,
breast cancer, colorectal cancer, ovarian cancer, bladder

cancer, prostate cancer, cervical cancer, renal cancer, leuke-
mia, central nervous system cancers, myeloma, and mela-
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noma, comprising administering a therapeutically effective
amount of a compound of claim 1.

7. A method of treating cancer selected from lung cancer,
breast cancer, colorectal cancer, ovarian cancer, bladder
cancer, prostate cancer, cervical cancer, renal cancer, leuke-
mia, central nervous system cancers, myeloma, and mela-
noma, comprising administering a therapeutically effective
amount of a composition of claim 5.

8. A method of mhibiting proliferation of a cell compris-
ing contacting the cell with an eflective amount of a com-
pound of claim 1.

9. The method of claim 8, wherein the cell 1s a cancer cell.

10. A pharmaceutical composition comprising a com-
pound according to claim 4 and a pharmaceutically accept-
able carrier.

11. A method of treating cancer selected from lung cancer,
breast cancer, colorectal cancer, ovarian cancer, bladder
cancer, prostate cancer, cervical cancer, renal cancer, leuke-
mia, central nervous system cancers, myeloma, and mela-
noma, comprising administering a therapeutically effective
amount of a compound of claim 4.

12. A method of treating cancer selected from lung cancer,
breast cancer, colorectal cancer, ovarian cancer, bladder
cancer, prostate cancer, cervical cancer, renal cancer, leuke-
mia, central nervous system cancers, myeloma, and mela-
noma, comprising administering a therapeutically effective
amount of a composition of claim 10.

13. A method of inhibiting proliferation of a cell com-
prising contacting the cell with an effective amount of a
compound of claim 4.

14. The method of claim 13, wherein the cell 1s a cancer
cell.
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